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SYMBOLS AND ACRONYMS 


Crack depth of semi-ell iptical surface flaw. 

Critical crack depth at which breakthrough or failure occurs during 
a proof test. 

Initial crack depth at Operating stress level. 

Breakthrough of surface flaw to the backside of the specimen. 

Flaw length of s«ni -ell iptical surface flaw and through-the- 
thickness flaw. 

Crack opening displacement constant. 

Crack opening displacement. 

Youngs Modulus. 

Electrical discharge machine 
Growth on loading. 

Irwin Stress Intensity. 

Surface Flaw Stress Intensity. 

Maximum Cyclic Surface Flaw Stress Intensity 

Through-the-thickness Center Notch Stress Intensity. 

Stress Intensity ratio relating operating stress intensity 
to proof stress intensity in evaluation of cyclic test results. 

Deep flaw magnification factor. 

Number of fatigue cycles. 

Not available. 

2 2 
Flaw shape parameter = <J> - 0.212(a/Oy) . 

Cyclic stress ratio. 

Thickness of specimen at flaw plane. 

Ligament size (=t-a) . 

Width of specimen at flaw plane. 

Crack opening displacement. 

Applied gross stress. 

Stress level at which flaw breakthrough occurs. 

Stress level at which backside dimpling takes place. 

Maximum Cyclic Stress Level. 

Net section stress. 

Operating Stress Level . 

Proof Stress Level . 
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o , 0 Yield strength, 

y ^ y 

Ojj Ultimate strength. 

M Poisson's ratio. 

0 Complete elliptical integral of the second kind corresnondino to 
modulus k = [(c^ - 

Cycle(s). 

SUBSCRIPTS 

f final condition. 

1 initial condition. 
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SUMMARY 


This experimental program was undertaken to determine static failure mode 
and failure strength and to determine the effects of proof testing on sub- 
sequent cyclic life in weldments of 2219-T87 aluminum alloy and 6A1-4V 5TA 
titanium alloy. The ultimate use of the data generated herein is application 
to thin walled tankage such as employed in Space Shuttle systems. Gages 
tested included 1.60 mm (0.063 inch), 2.6? mm (0.105 itich) and 7.62 mm {0.30U 
inch) for the aluminum and 0.51 mni (0.020 inch), 1,78 mm (0.070 inch) and 
5.33 mm (0.210 Inch) for the titanium. Families of ma.vimuni flaw size curves 
surviving room temperature proof tests were determined and specimens con- 
taining flaws only slightly smaller than these maximum flaw sizes were tested 
under cyclic fatigue loading, both with and without prior proof. In addition, 
failure stresses and associated flaw sizes were detennined at ana LH., 
temperatures for the aluminum and LH 2 temperature for the titanium. 


Results of aluminum weldment static tests indicate leak before break mode is 
assured at the following stress levels: 


THICKNESS 
mm(i nch) 

TEMPERATURE °K (°F) 

RT, 295(72) 

I.N 2 78 (-320) 

LH^ 20 (-423) 

1.60 (0.063) 
2.67 (0.105) 
7.62 (0.300) 

0.7 < a/Oyg<l ,0 

0.7 < a/Oyj^l.O 

0,7 < a/o 1 .0 
ys 

0.7 < «/Oy^<1.0 
0.7 < a/Uy^<1.0 
0.; V -../o- <0.91 

ys 

0.7 < a/a,,. <0.85 

0.7 - o/a „ 
ys 

0.7 - o/a 

! 


Results of titanium weldment static tests show that leak before break mode 
is assured only for the 0,51 mm (0.020 inch) material at 0.70 at room and 
LH, temperatures. 

The stress level at which leakage occurs can not presently be predicted, how- 
ever, it appears to be strongly dependent upon flaw depth-to-thickness ratio, 
flaw shape and yield strength. 
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A successful proof test of materials in which leak-before-break mode 
prevails can provide assurance of subsequent safe life operation. While 
significant flaw growth can occur during a proof test of these materials, 
subsequent retardation in cyclic growth more than compensates for the 
proof test "damage". 
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1 .0 INTRODUCTION 


The semi -elliptical surface flaw is an excellent model of common failure ori- 
gins in aerospace structure and so has been the object of considerable study. 
This type of defect is especially prevalent in failure analysis reports of 
welded aerospace pressure vessels and to a lesser degree, percentagewise, in 
aircraft primary structures. 

Pressure vessel design methods have been developed (1)* for assuring that 

crack-like defects will not grow sufficiently to initiate failure during the 

required operational life. Similar efforts are now underway to develop more 

( 2 ) 

effective guidelines for assuring structural integrity of military aircraft' ' 
A large part of the data used in the formulation of the procedures of the 
reference 1 monograph resulted from testing and analysis of surface flaws in 
relatively brittle materials. Flaw and plastic zone sizes usually were rela- 
tively small with respect to other specimen or structure dimensions. The most 
significant structural failures of high performance aircraft, those prompting 
accelerated Air Force research efforts, also involved surface defects in high 
strength (brittle) materials. 

With the above situations the defect becomes critical before it can grow 
through the thickness and become detectable. Catastrophic failure can and has 
occurred. Exact stress intensity solutions for these conditions are not avail 
able, however, the solution due to Irwin' ' for shallow surface flaws when 
combined with Kobayashi 's original deep flaw magnification values has proven 
to be quite useful in solving practical engineering problems. 

Recognition of the factors causing these past failure problems has resulted 
in gradual but marked changes in new designs and structures. Improved mater- 
ials and material processing, and reduced strength and stress levels have 
combined to result in conditions in which critical flaw sizes approach or 
exceed the wall thickness of the structure. While this improves structural 


* numbers in parenthesis refer to references at end of report 
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safety and durability, it complicates the failure mode and life prediction 
efforts. The previously developed analytical procedures based upon modified 
linear elastic fracture theory become increasingly ineffective as flaw and 
plastic zone size become large with respect to other dimensions, and one must 
rely heavily on experimental results. 

Initial experimental work devoted strictly to the deep flaw problem was ini- 
tiated in 1967 and is published in Reference 4. This work involved static 
and cyclic testing of 2219-T87 aluminum and 5Al-2.5Sn titanium base metal and 
weldments. Very thick and very thin gages of material were tested to bracket 
the problem. Values of a/t and a/2c were systematically varied to cover a 
complete range of flaw sizes and shapes. The resulting data were analyzed 
to determine deep flaw magnification factors, which could be applied to 
the Irwin stress intensity solution. It was concluded that these values of 

applied for net failure stresses up to 0.90 c and ligament thicknesses 
K. 2 y* 

(t^ - t - a) greater than 0.20 (Kj£/Oyg) . Instrumentation was not available 
during the Reference 4 program to detect stable flaw growth preceding frac- 
ture, however, it was suspected that such behavior did affect both static and 
cycl ic behavior. 

1 5 ) 

A subsequent experimental program' ' was undertaken to further explore the 
static and cyclic behavior of flaw depth, flaw shapes and thicknesses thru 
that range where failure mode changed from "catastrophic failure" to leak- 
before-failure. Base metal tests of 2219-T87 and 7075-T651 aluminum and 
6A1-4V titanium were tested in a manner similar to that of the Reference 4 
program and several intermediate thicknesses were added to expand appli- 
cability of the results. Instrumentation was added to detect flaw break- 
through (leakage). Cyclic and sustained load tests were run with and without 
a simulated proof overload. Results indicated that K.^. values obtained from 
any of three available deep flaw solutions'^’ ' * can be used to describe 
failing stress/flaw size locii for a wide range of thicknesses, flaw shapes, 
alloys, and stress loads. These ranges were 

a) for maximum failing stresses of about 0.90 

K, [- o 

b) for minimum thickness of about 0.25 (-^) *, and 

‘'ys 
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I F: 2 

c) for ligament size greater than about 0.10 — ) . 

For ligaments less than this value, leakage 
prior to failure would be expected. 

It was concluded that cyclic flaw growth rate data can also be adequately 
described as a function of applied levels (using deep flaw magnification 
factors) within the same limits set for static testing noted above. Addi- 
tionally, it was observed that proof overloads generally resulted in subse- 
quent retardation in cyclic flaw growth rates. 

While the two programs of References 4 and 5 generated much useful data on 
base metal materials, there was still a lack of data relating to weldments. 
Thus the present work on weldments is a necessary and natural addition to the 
two earlier programs. At the beginning of this test program preliminary 
design studies had shown that primary Space Shuttle propellant tanks would 
very probably be fabricated from 2219-T87 aluminum alloy with weld land thick- 
nesses varying between 1.02 mm (0.040 inch) and 7.62 mm (0.300 inch). Maximum 
proof stress levels on the order of 0.9 to 1.0 would be used. A wide 
range of auxilliary tankage is required, and some undoubtedly would be fabri- 
cated of 6A1-4V STA titanium in several gages ranging possibly from 0.51 mm 
(0.020 inch) through 6.35 mm (0.250 inch). For tankage having the foregoing 
characteristics, it was anticipated that in many cases, embedded or surface 
crack defects would not become unstable at typical proof pressure levels. 

Thus, it was not clear whether proof testing could be used as an effective 
tool in assuring safety of the planned tankage. Since inception of this 
program, major Shuttle configuration changes have occurred, however, the gages 
and alloys selected are still applicable to the majority of tankage planned 
for use on the Shuttle system. 

Primary objectives of this program thus were to evaluate the flaw growth and 
failure characteristics of weldments of alloys applicable to planned aero- 
space hardware and to reduce the resulting data in a manner required for 
design usage. 
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static fracture tests of weldments were performed using surface flawed 2219-T87 
aluminum specimens of 1.60 mm (0.063 inch), 2.67 mm (0.105 inch) and 7.62 mm 
(0.300 inch) at room temperature, 78°K (-320'’F) and 20‘^K (-423®F). Titanium 
weldment (6A1-4V) specimens were tested in thicknesses of 0.51 mm (0.020 inch), 
1.78 mm (0.070 inch) and 5.33 mm (0.210 inch) at room temperature and at 20°K 
(-423°F). Specimens were tested using a wide range of a/t and a/2c values in 
order to fully characterize the effects of these variables. Results of these 
tests are analyzed to determine combinations of maximum flaw depths as affected 
by flaw shape which can survive a vessel proof test (i.e., no leak-no fail). 
Subsequent testing consisted of conducting cyclic tests to determine crack 
growth rates and cyclic life. These test specimens were run in pairs; one 
specimen was cycled to failure or leakage; the other received a simulated proof 
overload and then was cycled. The data were then analyzed to determine the 
effects of the proof overload for the several combinations of shapes and depths 
which would barely survive the overload cycle. 

The following sections of this report describe materials and procedures, and 
include a presentation and discussion of results. Applicable data from prior 
programs are compared with results of this program in the discussion section. 



2.0 MATERIALS AND WELDING 


2.1 Aluminum 

The aluminum specimens were fabricated from both 3.18 mni (0.125 inch) sheet or 
12.70 mm (0.50 inch) plate. The alloy was 2219-T87. The 3.18 mm (0.125 inch) 
sheet was ordered per Boeing specification BMS 7-105C and the 12.70 mm (0.50 
inch) material was ordered per the equivalent Military Specification MIL-A-8920-A. 
Each thickness of material was from a single heat. As determined by Boeing 
tests, both thicknesses had cleanliness ratings better than Classification ‘'A‘‘ 
per ASTM E45-63. Chemical composition of the aluminum as determined at Boeing 
is shown in Table 1 . 


The welding of the aluminum panels was accomplished using a Welduction mechan- 
ized gas tungsten arc (GTA) welder. 2319 alloy weld wire was used in the 
welding of the 3.18 mm (0.125 inch) sheet. The cleanliness rating of the weld 
wire as determined by Boeing was Classification "A" per ASTM E45-63. The chem- 
ical composition of the 2319 weld wire as determined at Boeing is shown in 
Table 2. No weld wire was used to weld the 12.70 mm (0.50 inch) plate. A 
square butt edge preparation was used on all panels. 

Just prior to welding, the machined joint edges were cleaned with MEK and 
scraped to remove surface oxides. Welding was performed in the downhand posi- 
tion using direct current straight polarity (DCSP) gas tungsten arc procedures. 
A single pass on one side was used for the 3.18 mm (0.125 inch) sheet and a 
single pass on both sides was used for the 12.70 mm (0.50 inch) plate. The 
weld was parallel to the major rolling direction of the material. Other weld 
parameters are listed below: 


3.18 mm (0.125 inch) weldments 
Travel : 

Voltage: 

Amperage: 

Torch gas: 


180 mm/mi n (7 inch/mi n) 

14.0 V 
145 A 

Helium @ 2.5 m^/hour (90 ft^/hour) 



3.18 mm (0J25 inch) weldments, cont‘d. 


Backup gas: 

Helium 0 0.6 m^/hour (20 ft^/hour) 

Electrode: 

3.18 Iran (0.125 inch) diameter, 2% thoria 

Wire travel : 

500 mm/mi n (20 inch/mi n) 

Backup bar: 

Copper, 4.3 mm (0.17 inch) wide, 1.3 mm 
(0.05 inch) deep 

Hold down bars: 

Conner, spaced 6.4 mm (0.25 inch) each 
side of weld centerline. 

12.70 mm (0.50 

inch) weldments 

Travel : 

100 mm/min (4 inch/min) 

Voltage: 

13.5 V 

Amperage: 

265 A on first pass, 260 A on second pass 

Torch gas: 

Helium @2.5 m^/hour (90 ft^/hour) 

Backup gas: 

Helium @ 0.6 m^/hour (20 ft^/hour) 

Electrode: 

3.18 mm (0.125 inch) diameter 2% thoria 

Backup bar; 

Copner, 4.3 mm (0.17 inch) wide, 1.3 mm 
(0.05 inch) deep 

Hold down bars: 

Copper, spaced 6.4 mm (0.25 inch) each 
side of weld centerline. 


No heat treatment was conducted after welding and all weldments were X-rayed 
to Boeing BAG 5935 Class A acceptance criteria. Macrographs of typical 
aluminum weldments are shown in Figure 1. 

2.2 Titanium 

The titanium specimens were fabricated from both 2.03 mm (0.080 inch) 6A1-4V 
sheet or 6,35 mm (0,250 inch) 6A1-4V plate purchased per Boeing specification 
XBMS 7-174B. This specifies upper limits on aluminum and oxygen contents of 
6,3% and 0.13% respectively. The heat treat condition of the 2.03 mm (0.080 
inch) sheet was Condition III, STA 8irK (1000°F). The 6.35 mm (0.250 inch) 
plate was ordered in Condition I, Mi 11 -Annealed; it was subsequently heat 
treated at The Boeing Company to Condition III, STA SITK (1000°F). As deter- 
mined by Boeing tests, both thicknesses had cleanliness ratings of Classifica- 
tion "A” or better per ASTM E45-63. Chemical composition of the titanium as 
determined at Boeing is shown in Table 3. 



The welding of the titanium panels was accomplished using a Vickers "400" 
welder in a Wolff Inert Atmosphere chamber. The welding was performed in the 
down hand position using DCSP, A square butt edge preparation was used for 
the 2.03 mm (0.080 inch) sheet material. Filler wire was not used in welding 
the sheet material. The edge preparation for the 6.35 nrni (0.25 inch) plate 
material was a double "U" edge containing two 2.54 mm (0.10 inch) radii cut 
so that they culminated in a 1.25 mm (0.050 inch) nose thickness. Titanium 
6A1-4V filler wire was used in welding of the plate material. The cleanliness 
rating of the weld wire as determined by Boeing was Classification "A" per 
ASTM E45-63. The chemical composition of the filler wire as determined at 
Boeing is reported in Table 4. 


Just prior to welding, the materials were cleaned using a ni tro-hydrof 1 uorine 
acid cleaning, descaling and etching process. A single fusion weld pass on 
each side was used for the 2.03 mm (0.080 inch) material. A single fusion weld 
pass on one side was followed by a single weld filler pass on each side for the 
6.35 mm (0.25 inch) plate. The weld was parallel to the major rolling direction 
in both thicknesses. Other weld parameters are listed below: 


2.03 rhm (0.080 inch) weldments 
Travel ; 

Voltage: 

Amperage : 

Torch gas: 

Electrode : 

Backup bar: 

Hold down bars: 


203 mm/min (8 inch/rnin) 

11 V 
90 A 
Argon 

2.38 mm (0.094 inch) diameter, 1% thoria 
Copper 

Copper, spaced 12.7 mm (0.50 inch) each 
side of weld centerline 


6.35 mm (0.250 
Travel : 
Voltage: 
Amperage: 


inch) weldments 

152 mm/min (6 inch/mi n) on all passes 
12 V on fusion pass, 13 V on filler passes 
150 A on fusion pass, 160 A on filler 
passes 


Torch gas: 


Argon 
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6.35 mm (0>250 inch) weldments, cont'd. 


Electrode: 

Wire Travel: 

Backup bar: 
Hold down bar; 


3.18 mm (0.125 inch) diameter, 1 % thoria 
737 mm/mi n (29 inches/mi n) on filler 
passes only 
Copper 

Copper, spaced 12.7 mm (0.50 inch) each 
side of weld centerline. 


After welding, the titanium was stress relieved in a vacuum furnace at 811“K 
(1000°F) for 4 hours. The weldments were X-rayed to Boeing BAC 5935 Class A 
acceptance criteria. Macrographs of typical titanium weldments are shown in 
Figure 2. 
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3.0 PROCEDURES 


3.1 

Specimen Fabrication 

3.1.1 

Tensile Specimens 


Tensile specimens for base metal 6A1-4V titanium alloy and the 2219-T87 aluminum 
base metal and weldment were fabricated per Figure 3. Titanium base metal spec- 
imens in the 0.51 mm (0.020 inch) and 2.03 mm (0.080 inch) thickness were cut 
from 2.03 mm (0.080 inch) sheet meterial. The 6.35 im (0.25 inch) titanium base 
metal specimens were cut from 6.35 mm (0.25 inch) plate material. Base metal 
aluminum specimens in the 1.60 tnn (0.063 inch) and 3.18 mm (0.125 inch) thick- 
nesses were cut from 3.18 mm (0.125 inch) sheet material, while those in the 
7.62 mm (0.30 inch) thickness were cut from 12.70 mm (0.50 inch) plate. Tests 
were conducted on specimens with the loading axis oriented parallel (longitu- 
dinal) to the major rolling direction and on specimens with the loading axis 
oriented perpendicular (transverse) to the major rolling direction. 

The 1.60 mm (0.063 inch) and 2.67 mm (0.105 inch) aluminum weldment specimens 
were cut from 3.18 mm (0.125 inch) welded sheet. Aluminum weldment specimens 
in the 7.62 mm (0.30 inch) thickness were cut from 12.70 mm (0.50 inch) 
welded plate. The specimens were cut so that the weld extended across the 
reduced section of the specimen. 

The tensile strengths of the titanium weldment specimens were anticipated to be 
approximately the same as the tensile strengths of the base metal. Therefore, 
a modified version of the specimen shown in Figure 3 was used for titanium 
weldment tests. In order to insure a failure at the weld, this specimen was 
prepared with an additional neckdown as shown in Figure 4. 

Weldment specimens of titanium in the 0.51 mm (0.020 inch) and 1.78 mm (0.070 
inch) thicknesses were cut from 2.03 mm (0.080 inch) welded sheet. The 5.33 mm 
(0.21 inch) specimens were cut from 6.35 mm (0.25 inch) welded plate. 
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3.1.2 Surface Flawed Fracture and Cyclic Crack Growth Specimens 
Aluminum base metal fracture test specimen configurations are shown in Figures 
5, 6, and 7. Base metal titanium static fracture specimens are shown in Figures 
8, 9, 10, and 11. Aluminum weldment specimen configurations are shown in 
Figures 12 through 16. The titanium weldment specimens are shown in Figures 17 
through 23 and in Figure 8. The specimen configurations used were such that 
the specimen width was at least 4 times the flaw length. 

Base metal specimens were fabricated so that the loading axis was perpendicular 
(transverse) to the major rolling direction (WT loading/propagation orientation). 
Weldment specimens were fabricated so that the weld extended across the reduced 
section of the weld, perpendicular to the loading axis. Loading holes were 
drilled and reamed either by a numerically controlled milling machine or by a 
standard drill press using drill jigs. Surface flaws in the weldment specimens 
were located in the centerline of the weld. The reasons for this flaw location 
are presented in Section 3.4. 

All initial flaws were prepared by using an electric discharge machine (EDM) 

to introduce an initial flaw. The EDM flaw was then extended using low stress 

fatigue. Maximum cyclic stress levels used for aluminum base metal specimens 

varied from 69 to 103 MN/m (10 to 15 ksi). The number of cycles varied from 

5 to 35 thousand depending on initial flaw size and cyclic stress. Titanium 

2 

base metal specimens were precracked at 207 to 310 MN/m (30 to 45 ksi) in 
2 to 12 thousand cycles. The majority of the aluminum weldment specimens were 

precracked at 55 to 83 MN/m (8 to 12 ksi); the maximum precrack stress used 

2 

was 138 MN/m (20 ksi). The number of cycles required for precracking ranged 
from 2- to 30-thousand. Titanium weldment specimens were precracked at 138 to 
310 MN/m (20 to 45 ksi) in 1 to 22 thousand cycles. A microscope was used 
to visually observe the flaw periphery in order to determine that precracking 
was complete. 

3.2 Test Setups 

All non-hazardous tests were conducted in an environmentally controlled labora- 
tory at the Boeing Space Center in Kent, Washington. Tests conducted at 78°K 
(-320'’F) utilized an environment chamber such as shown in Figure 24. This 
chamber was installed around the specimen and it was then filled with enough 
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liquid nitrogen (LN 2 ) to completely cover the specimen. Specimens were soaked 
at temperature for at least ten minutes before each test. All non-hazardous 
static tests were conducted in a 534 kN (120 kip) Baldwin universal testing 
machine, a 1110 kN cyclic/1330 kN static (250 kip cyclic/300 static) MTS 
machine, or a 267 kN (60 kip) hydraulic test machine fabricated by Boeing. 

All cyclic tests were conducted in the aforementioned MTS machine or the 267 
kN (60 kip) Boeing machine. 

Hazardous tests involving liquid hydrogen (LH 2 ) at 20®K (-423“F) were conducted 
at Boeing's remote Tulalip test site. Specimens were installed in a cryostat 
and pulled to failure in a 1779 kN (400 kip) Riehle hydraulic test machine. 

During static fracture tests, flaw growth through-the-thickness (breakthrough) 
prior to ultimate failure was determined with the use of pressure cups and/or 
examination of back surface strain gage data. In some cases it was found that 
the strain gages located on the back side of the specimen interfered with the 
pressure cup breakthrough determination. In addition, pressure cup utilization 
was sometimes unsuccessful in testing aluminum weldments because the plastic 
deformations in the weld during loading made it difficult to maintain a good 
seal between the pressure cup and the specimen. However, because there was an 
abrupt relaxation in the strain field surrounding the flaw when breakthrough 
occurred, the strain gage records generally provided a reliable indication of 
breakthrough as shown in Figure 25. Where strain gage and/or pressure cup data 
records did not clearly show breakthrough, replicate specimens instrumented only 
with pressure cups were tested to confirm breakthrough determinations. 

The pressure cups were clamped to the specimens and a pressure differential 
of approximately 3.5 to 7 kN/m (5 to 10 psi) was used. Helium gas was used 
as the pressurizing medium. Pressure transducers were employed on the front 
and/or backside to sense the pressure change associated with flaw breakthrough. 
Pressure cups were utilized on all cyclic tests to assist in determining break- 
through. Examples of pressure cups are shown in Figure 26. 
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3.3 


Experimental Approach 


3.3.1 Tensile Tests 

Extensometers were used on all tensile specimens. Tensile specimens of the 
weldments were also instrumented with 3.18 mm (0.125 inch) gage length strain 
gages placed on the weld bead. For the aluminum base metal and weldment 
specimens and the titanium base metal specimens, the engineering yield 
strength based on 0.2% offset yield in 50.8 mm (2.0 inches) was used. The 
yield strength based on the strain gage measurements was used for the titanium 
weldment specimens. During loading of the specimens a strain rate of 0.005 
in/in/minute was used until the material yield strength was reached. A strain 
rate of 0,10 in/in/minute was then used for the remaining portion of the 
loading sequence until failure. 

3.3.2 Fracture and Cyclic Crack Growth Tests 

All static fracture surface flawed specimens were tested with targeted flaw 
shapes (a/2c)^ of 0.05, 0.15, 0.225, 0.30 or 0.45. Aluminum specimens were 
tested in room temperature air, LN 2 at 78“K (-320'^F), or LH^ at 20°K (-423°F). 
Titanium specimens were tested in room temperature air or in LH^ at 20'’K 
(“423°F). Each specimen was loaded to failure in one to two minutes. The 
static specimens were instrumented with pressure cups and/or back side strain 
gages described above to determine if and when breakthrough occurred prior to 
failure. The strain gages were also used to determine strain distributions on 
the backside of the specimens in the area of the flaw, and to determine 
dimpling. 


Dimpling in this report is defined as the point at which the back side plastic 
strain reaches 0.2% offset yield. While dimpling has been described elsewhere 
(Reference 8) as an elongated surface depression visibly observed, direct 
observation was not possible in this study. Strain gage and pressure cup 
instrumentation made visual observation of the backside of the specimen vir- 
tually impossible. In addition, the environment chambers used in. the cryogenic 
tests further complicate the problem. Therefore, in order to determine 
dimpling on all the tests in a consistent manner, the 0.2% offset yield 
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criterion described in Reference 5 was used and strain gages were judiciously 
placed to ascertain when this dimpling occurred. In addition to the strain 
gage used for dimpling determination, most static fracture specimens were 
instrumented with at least two other strain gages. 

In order to determine crack opening displacements (COD), specimens were 
instrumented with a clip gage as shown in Figure 27. The clip gage was spring 
loaded against knife edges spot welded to the specimen. An expression for the 
opening displacements of a completely embedded flaw has been provided by 
Green and Sneddon (Reference 9). Their study examined a flaw embedded in an 
elastic solid which was subjected to a uniform load normal to the crack sur- 
face at infinity. The maximum opening displacement occurs at the diametrical 
center of the crack and is expressed by the equation, 

COD = a = I ^ 

Although a rigorous solution is not available for flaw opening displacements 
for a semi-el liptical surface flaw, such displacements should also be propor- 
tional to a and a/$ for elastic materials. By following Irwin's procedure 
(Reference 3) to account for the effect of plastic yielding, the COD for a 
surface flaw can be approximated by 



where C is a constant. 

At the completion of static fracture testing, flaw sizes were determined which 

would just barely pass proof tests to o or 0.91 o , Cyclic tests were then 

run on specimens which had these flaw sizes. Maximum cyclic test stresses 

were 0.85 a or 0.70 o . A stress ratio of zero was used for all tests, 
ys ys 

Cycling was conducted both with and without prior proof testing to the above 
mentioned proof loads. All cyclic tests employed sinusoidal loading. 
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During proof testing, strain gage and COD records were monitored and whenever 
failure appeared imminent, the proof test was terminated. Although this pro- 
cedure necessitated proof testing in some cases to loads slightly different 
than the target loads, it assured that critical conditions were approached 
as closely as possible while minimizing the number of specimens which failed 
during the proof cycle. 


Cyclic specimens were instrumented with the clip gages described above to 
determine COD during cycling tests. The COD measurements were used to calcu- 
late instantaneous growth rates by using the following approach. 


The crack opening displacement constant, C, can be determined at test initia- 
tion and termination from knowledge of the stress level, initial and final flaw 
sizes, and the corresponding flaw opening displacements as indicated below: 


C. = «i(v®). 


c 


f 




where the subscripts i and f refer to initial and final conditions, respectively. 

Tests have shown for relatively deep flaws in the tougher materials that the 
value of C tends to increase with increasing crack size, rather than remain 
constant. Crack growth rate calculations in this report were based on an 
assumed linear variation in C between the known initial and final values. 


In order to relate the flaw parameter (a/-'/Q) to 6 for values of a/>/Q) between 
the initial and final values an assumption must be made as to the manner in 
which the flaw shape changes from 
a - a. 2c - (2c). 


a^ - a. - (2c). 


1 .e. 


both flaw depth and width growth simultaneously reach the same percent- 
age of their respective total growth from initial to final values. The flaw 
shape parameter, Q, can now be determined as a function of flaw depth and. 
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in turn, can be related to crack depth. The number of cycles, N, corresponding 
to each selected flaw depth value can be determined from the test record and, 
consequently, the change in N for each increment of flaw depth is known. The 
crack growth rate da/dN can then be calculated. 

In addition to the clip gage, each cyclic specimen was instrumented with a 
strain gage to determine dimpling and a pressure cup to determine breakthrough. 
As mentioned earlier in the description of the static tests, the strain gages 
sometimes interfered with the pressure cups. However, it was generally found 
that if the pressure cup system failed to determine breakthrough, the break- 
through could still be determined by examining strain gage and COD records for 
any sharp changes. 

Cyclic specimens which did not fail during testing were subsequently pulled to 
failure. 

3.4 Flaw Location in Weldment Specimens 

All flaws in the weldment specimens were located in the weld centerline because 
that is the most probable location of a weld defect. Additional reasons for 
testing at this location are presented below. 

Witzell and Kropp^^^^ evaluated fracture and flaw growth characteristics of 
welded 2219-T81 aluminum. Included in their study were tests to evaluate 
cryogenic and room temperature fracture toughness and cyclic flaw growth rates 
in the various metal lurgi cal ly different areas of the weld {i.e., weld nugget, 
fusion line, heat affected zone). They concluded that weld centerline tough- 
ness was lower for most test conditions, and fatigue growth rates were faster 
at all temperatures than in any other area tested. Data in References 11 thru 
13 further substantiate these results. 

Comparable data concerning flaw locations in titanium weldments were limited. 
That of References 14 and 15 indicated that weld centerlines might be the 
most critical location. Tests were performed in order to determine which area 
is the most critical part of the weld. Flaws were cut in the base metal (BM), 
heat affected zone (HAZ), fusion line (FL) and centerline (CL) of 1.78 mm 
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(0.070 inch) weldment specimens which were pulled to failure in room tempera- 
ture air. Test results are tabulated in Table 5 and plotted as a function of 
location in Figure 28. The test results indicate no major differences in 
Irwin fracture toughness for static failures. However they do indicate that 
the CL flaw location is more susceptible to a leakage prior to failure. 

Placement of the flaws in the aluminum specimens was relatively easy because 
the machined surfaces of the specimens displayed a definite contrast between 
the weldment and the base metal. Determination of the weld location in the 
titanium specimens was more difficult. It was necessary to etch the edges of 
the titanium specimens with Kroll's ftchant to locate the weld. 

3.5 Stress Intensity Solutions 

3.5.1 Surface Flaws 

Where stress intensity values are reported, they were based on the following 
expression from Reference 3: 

Kj = 1.95 o(a/Q)^^^ 

where 

Kj = Irwin stress intensity 
0 = gross stress 
a = flaw depth 
Q = shape parameter. 

Values of Q are shown in Figure 29. 

values reported are calculated by multiplying the above expression by 
appropriate Mj^ terms developed in Reference 4 and shown in Figure 30. 

3.5.2 Through Cracks 

Where through crack stress intensity values are reported, they were based on 
the expression from Reference 16: 

•^CN = * Vsec ^ 
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where 

- through crack stress intensity 
c = half flaw length 

W = specimen width 
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4.0 TEST RESULTS AND ANALYSIS 


4.1 Mechanical Properties 

4.1.1 Base Metal 

Tensile properties of the base metal materials used in the program are shown 
in Tables 6 through 9. Tests of both alloys were performed at room temperature 
in air and at 20°K (-423°F) in liquid hydrogen. 

Measured properties are plotted as a function of test temperature in figures 
31 through 33 for the aluminum alloy, and in Figures 34 through 36 for the 
titanium alloy. It is noted that the yield and ultimate strengths of the 
7.62 mm (0.300 inch) aluminum plate are slightly higher than those of the 
thinner gages. However, all properties are quite similar to those of the 
2219-T87 stock tested in both References 4 and 5. 

The titanium exhibited approximately the same yield and ultimate strengths at 
room temperature for the three gages tested. At LH^ temperature, the 2.03 mm 
(0.080 inch) specimens showed slightly higher strength levels than the 0.51 mm 
(0.020) specimens. The 6.35 mm (0.250 inch) material showed LH^ strength 
levels substantially lower than those of the thinner material. Properties 
for the two thinner gages compare favorably with those of similarly processed 
6A1-4V STA titanium tested in Reference 5. 

4.1.2 Weldments 

Tensile properties of the weldments are shown in Tables 10 through 14. Tests 
of the aluminum weldments were performed at room temperature in air at 78"K 
(-320°F) in liquid nitrogen and at 20°K (-423'’F) in liquid hydrogen. The 
titanium weldments were tested at room temperature and 20°K (-423°F). 

Properties for the aluminum weldments are shown in Figures 37 through 39. 

Note that yield strengths are shown as measured both by a 50.8 mm (2.00 inches) 
extensometer (engineering yield) and by strain gages placed directly on the 


preceding page 


blank nut filmed 
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on the weld nugget. The engineering yield strength is used in subsequent 
calculations, however it is recognized that the local (nugget) strength is 
significantly less than the engineering yield strength. All other properties 
are typical of 2219-T87 as welded joints^^^. 

Mechanical properties for the titanium weldments are shown in Figures 40 
through 42. The yield strengths noted represent data from strain gages and 
these values are used in later calculations. The strength values of the two 
thinner weldments are seen to be slightly less than that of base metal. 

Unlike the base metal, the thickest weldment exhibits strength similar to 
that of the thinner weldments. 

4.2 Static Fracture Tests 

4.2.1 Base Metal Static Fracture Tests 

Limited static fracture tests were conducted on both alloys at room temperature 
in air and at 20K {-423°F} in liquid hydrogen for each of the three thick- 
nesses noted earlier. Results are tabulated in Tables 15 and 16 for the 
aluminum tests and in Tables 17 and 18 for the titanium tests. 

In each of the above noted tables, specimen dimensions, location of back 
surface strain gage to detect dimpling and test environment are shown in the 
first several left-hand columns. The next columns show stress levels at 
failure and as applicable at back side dimpling, and flaw break-through. 
Subsequent columns show initial flaw dimensions as measured after fracture. 

The last three columns show break through stress to yield strength ratios and 
maximum stress to yield strength ratios, and for reference purposes only, the 
calculated Irwin stress intensity value at break-through or failure, which- 
ever occurred first. 

The dimple gage location noted is the angle formed between the plane of the 
crack and the gage centerline on the back surface with the angle measured 
radially from the crack tip. Based on analytical results of References 17 
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and 18 and experimental work of Reference 5 maximum back surface strain 
should occur at an angle of about 47° to 50°. Thus, the gages were located 
at a targeted angle of 48°. Because of the very small dimensions involved 
in some of the test specimens, there were occasionally relatively large 
errors in the actual placement angle. This of course would result in an 
over estimate of the dimpling stress. 


2219-T87 Aluminum 

The aluminum base metal fracture data are plotted in Figure 43 in terms of 
applied stress versus initial a/t. Figure 43(a) includes data for a thick- 
ness of 1.60 mm (0.063 in.); 43(b) for 3.18 mm (0.125 in.); and 43(c) for 
.7.62 mm (0.30 in.). Both room and cryogenic temperature test results are 
shown. Open circles indicate leak-before-fail mode and solid circles denote 
fail mode. 


As can be seen from the tables and figures only four specimens failed before 
break-through within or near the limits tentatively set for va lid Kj, resul ts . 
These were the two liquid hydrogen tests in the thickest gage (specimens 
AB3-3 and AB3-4) and the deepest flaw tested at room temperature in each of 
the two thickest gages (specimens AB2-2 and AB3-1). The two liquid hyarogen 
tests in the 7.62 mm (0.30 in.) material yielded values of 52.4 and 50.9 
MN/m^^^ (47.7 and 46.3 ksi/Tn). These values are about 6 percent lower than 
the values reported in Reference 4 for 2219-T87 base metal. 


The calculated values for the two room temperature tests are 41.0 and 
44,5 MN/m^'^^, (37.3 and 40.5 ksi/Tn) for specimens AB2-2 and AB3-1, respec- 
tively. Both of these values are somewhat low when compared with previous 
data. This probably results from the relatively high failing stress ratios 


of around 0.90 a 


ys 


With one exception, the failure mode of all specimens shown in Figure 43 
agreed with predicted mode based upon initial ligament size. The single 
exception is specimen AB1-2 which apparently failed before breaking through. 
The initial ligament dimension for this specimen was about 0.04 { _li- 
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6A1-4V Titanium 


The titanium base metal fracture data are plotted in Figure 44 in terms of 
applied stress versus initial a/t. Figure 44{a) includes data for the 0.51 
mm (0.020 in.) thick specimens; 44(b) for the 2.03 mm (0.080 in.) specimens 
and, 44(c) for the 6.35 mm (0.250 in.) specimens. The format is identical to 
that of the aluminum data figures. Six of the eleven specimens tested in 
this series failed before leaking within the limits tentatively set for valid 
values. The results are shown below: 

- MN/m^^^(ksi /TrT) 

THICKNESS - mm (Inch) ROOM TEMPERATURE LH2 TEMPERATURE 

0.51 (0.020) 

2.03 (0.080) 48.5 (53.2) 

6.35 (0.250) 93.3 (84.9) 

* average of 2 

It is seen from the above that the toughness of the 6.35 mm (0.250 in.) 
material (Heat #304623) is significantly higher than the thinner gages (both 
machined from Heat #304610). The room temperature toughness value shown for 
the thick stock compares favorably with that obtained in References 15 and 
19 for 6A1-4V STA titanium of comparable yield strength. The thinner specimen 
stock exhibited higher yield strengths and this is probably responsible for 
the lower toughness for these tests. 

Constant Kj^ curves were calculated for all data except the 0.51 mm (0.020 in.) 
tests run at room temperature. These curves are plotted through the range of 
applicability in Figure 44. The 0.51 mn (0.20 in.) specimens tested at room 

temperature leaked before failing as would be expected for this thickness and 
toughness. 

All other specimens shown on Figure 44 failed in the expected mode except the 
6.35 mn (0.250 in.) specimen with the deepest flaw. This specimen leaked and 
then failed at only a two percent further increase in load. 


44.9 (40.9)* 

42.7 (38.9) 

58.4 (53.1) 
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4.2.2 Weld Metal Static Fracture Tests 

Results of the static fracture tests of surface flaw specimens are shown in: 
Tables 19 through 21 - 2219-T87 aluminum weldments at room temp. 


li 

22 

II 

24 - ” ** " 

in liquid nitrogen 

II 

25 

li 

27 - " " " " 

in liquid hydrogen 

II 

28 

n 

30 - 6A1-4V titanium weldments 

at room temperature 

H 

31 

11 

33 - " ** 

in 1 iquid hydrogen 


The makeup of these tables is identical to that of the earlier base metal 
static test result tables except that an additional row is added. This row 
includes calculated through-crack values. This value is included for 
specimens which leaked and then failed at a net section stress less than 
0.80 Oyg, The value is based on initial flaw length (2c) and maximum 
load. In subsequent paragraphs the data of Tables 19 through 33 are analyzed 
and discussed from the standpoint of (1) stress/flaw size relationship, (2) 
through-crack analysis, (3) break-through stress analysis and, (4) back side 
dimpl ing. 

4. 2. 2.1 Stress/Flaw Size Relationship 
2219-T87 Aluminum Weldments 

The data of Tables 19 through 27 are plotted in terms of applied stress versus 
a/t in Figures 45 through 47. Solid circles indicate fracture mode and open 
circles indicate leak-before-fail mode. Nominal a/2c values are noted in 
parentheses. The room temperature data for all thicknesses and flaw shapes 
are shown in Figure 45. Figure 45 (a) shows data for the thinnest gage 
tested, 1.60 mm (0.063 in.). It is seen that all specimens tested in this 
gage experienced flaw break-through prior to fracture. Curves were manually 
faired through constant a/2c data points. It is seen that, for any given a/t 
value, the required applied stress to cause leakage increases with increasing 
a/2c value. This is analogous to brittle fracture behavior, but as shown 
later, this behavior in thin materials is not relatable to applied stress 
intensity as with the brittle materials. 
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A similar plot for the intermediate thickness of 2.67 mm (0.105 in.) tested 
at room temperature is shown in Figure 45(b). behavior is quite similar to 
that of the thinner gage data. Again, all specimens leaked before failing. 

Figure 45(c) shows the room temperature test data for the 7.62 mm (0.30 inch) 
thick specimens. Three of these specimens fractured before leaking but at 
stresses well above engineering yield strength. From all of the room tem- 
perature data shown in Figure 45 it is apparent that elastic fracture of weld- 
ments in 2219-T87 vessels in thicknesses up to at least 7.62 mm (0.30 in.) 
should be virtually non existent. This is of course a major reason for the 
popularity of this alloy in aerospace structures. 

Results of the 2219-T87 weldment fracture tests performed at 78‘^K (-320°F) are 
shown in Figure 46. For the most part, results for all thicknesses are 
similar to those of the room temperature tests. Leakage prior to failure is 
observed in all specimens of the 1.60 mm (0.063 in.) and the 2.67 mm (0.105 in. 
gages. Failure before leakage can occur in the 7.62 mm (0.30 in.) thickness, 
but only at stress levels at or above yield strength. Constant a/2c curves 
for all thicknesses at 78°K (-320°F) are shifted upwards, as comparea to the 
room temperature data. This shift is comparable to the corresponding increase 
in engineering yield strength with decreasing temperature. 

Test data for the 2219-T87 weldment static fracture tests performed at 20K 
(-423F) are shown in Figure 47. Leakage mode still predominates, however, 
it is seen that fracture can occur at levels slightly less than yield. One 
data point plotted in Figure 47(c) exhibited a fracture mode at a stress 
somewhat less than 0.90 This was specimen #SAH 3-3-5 with a thickness 

of 7.62 mm (0.30 in.). As seen in Table 27, the calculated Irwin K for 

o 

this specimen is 25.2 MN/m (22.9 ksi/Tn). Back surface magnification would 
elevate this value by another ten percent. This value is still much lower 
than apparent K's obtained previously in 16.0 mm (0.625 in.) weldments (e.g.. 
Ref. (4)). As noted earlier, the weld nugget yield strength under these test 
conditions is significantly less than the engineering yield strength. The 
stress at fracture for specimen #SAH 3-3-5 is above the nugget yield strength. 
For this reason the toughness value listed above is not considered valid. 
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6A1-4V Titanium Weldments 

The titanium weldment fracture data reported in Tables 28 through 33 are 
plotted in Figures 48 (room temperature tests) and 49 (liquid hydrogen 
temperature tests) . The format and nomenclature of these figures are ioentical 
to those of the aluminum in the preceding paragraphs. 

The fracture data for the room temperature tests of the 0.51 mm (0.020 in.) 
gage are shown in Figure 48(a). It i' ~oen that leakage prior to fracture 
occurs for most specimens in the el as range, and that fracture can occur 
only at stress levels approaching or exceeding yield strength. General trends 
are similar to those of the aluminum except that the constant a/2c curves 
are flatter at high stresses. This is due to the fact that the yield and 
ultimate strengths are so close together. 

The data for the 1.78 mm (0.07 in.) gage room temperature tests are shown in 

Figure 48(b). The constant a/2c curves are comparable to those of the thinner 

stock except for one data point. This is specimen #STR 8-1-4, the deepest 

flaw with nominal a/2c of 0.15 which fractured before leaking. Gross stress 

3/2 

at failure was 0.80 yielding a presumably valid value of 68.0 MN/m 
(61.9 ksi/fn). This is somewhat higher than that obtained for base metal under 
the same test conditions. With the above noted Kj^ value and ligament restric- 
tions discussed earlier, one would expect leakage prior to fracture for any 
flaw depth greater than about 0.75t. This is in good agreement with the exper- 
imental findings shown in Figure 48(b). 

The 5.33 mm (0.21 in.) weldment fracture data are shown in Figure 48(c). A 

total of five specimens in this group failed within acceptable limits for 

3/2 

valid measurement. Average calculated for this set is 99.0 MN/m 
(90.1 ksi/Tn) which compares quite well with the value obtained for the thick 
base metal value- of 93.3 MN/m^''^^ (84.9 ksi/Tn). At this thickness and tough- 
ness, leak before failure would be predicted for any flaw depth greater than 
0.80t which again agrees well with observations. 

The weldment fracture data obtained at 20K (-423F) are shown in Figure 49. 

Data for the 0.51 mm (0.02 in.) gage are plotted in Figure 49(a). The single 
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specimen which fractured elastically before leaking yields a K.r- value of 
41.9 MN/m ‘ (38.1 ksi/Tn) which is about seven per cent less than that 

obtained from comparable base metal tests. In this gage and test temperature, 
leakage prior to fracture would be expected for flaws deeper than about 0.80t. 
While all flaws in this range did break-through several shallower flaws also 
broke-through. Several of these specimens with shallower flaws did fracture 
at only slightly higher stresses than the respective break-through stress. 

Data for the 1.78 mm (0.070 in.) gage weldment fracture tests performed at 
liquid hydrogen temperature are shown in Figure 49(b). values were 
obtained from six specimens. These values are summarized below: 


SPECIMEN # 

a/2c 

Kje 

MN/m^^^ 

(ksi /Tn) 

STH 8-1-1 

0.15 

59.8 

(54.4) 

STH 8-1-5 

0.15 

60.6 

(55.1) 

STH 8-3-1 

0.29 

58.9 

(53.6) 

STH 8-3-4 

0.34 

55.3 

(50.3) 

STH 8-5-1 

0.47 

54.4 

(49.5) 

STH 8-5-4 

0.48 

52.3 

(47.6) 


As noted in Section 4.2.1 a single base metal specimen for these test condi- 
tions resulted in a value of 42.7 (38.9 ksi/TrT). Leakage occurred 

in some specimens with ligaments greater than 0.10 "this behavior 

is similar to that of the 0.51 mm (0.020 in.) gage results. 

Static fracture data for the thick gage titanium weldment specimens tested at 
liquid hydrogen temperature are plotted in Figure 49(c). One specimen leaked 
before failing. Fracture load for this specimen was about four percent 
higher than the break-through load. The remaining specimens failed elastically 
and resultant values can be considered valid. Results were: 
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SPECIMEN # 

a/2c 

^lE 

(ksi/Tn) 

STH 21-1-1 

0.14 

61.8 

(56.2) 

STH 21-1-2 

0.14 

54.5 

(49.6) 

STH 21-3-1 

0.29 

53.5 

(48.7) 

STH 21-3-2 

0.28 

67.9 

(61 .8) 

STH 21-3-3 

0.28 

66.8 

(60.8) 

STH 21-3-1 

0.46 

59.3 

(54.0) 

STH 21-3-2 

0.47 

52.3 

(47.6) 

STH 21-3-3 

0.47 

49.9 

(45.4) 


A single base metal Kj^ value for these test conditions was reported earlier 
to be 58.4 (53.1 ksi/Tn). 

4. 2. 2. 2 Thru-Crack Analysis 

It was observed in the work of References 4 and 5 that the fracture strength of 
specimens which leaked prior to fracturing at elastic stresses could be pre- 
dicted using the initial surface flaw length and the appropriate value for 
the material. It was believed that this would hold true for net section 
stresses less than about 0.80 

The vast majority of the aluminum weldment specimens discussed in the preceding 
section leaked before fracturing. Several leaked at stress levels as low as 
one-half the yield strength. However, in all cases fracture occurred at net 
section stresses near or above the yield strength. Obviously the values 
for these aluminum weldments are in excess of that which can be developed in 
the specimen sizes and crack lengths which were tested. 

In the more brittle titanium weldments tested several specimens leaked and 
subsequently fractured at elastic stresses. values were calculated for 
these specimens and are included in the test tables 28 through 33. For 
clarity, the results are summarized below: 
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THICKNESS 
mm (inch) 

TEST TEMP 
(°F) 

APPARENT - MN/m^/^ (ksi/Tn) 

a/2c = 0.05 

a/2c = 0.15 

a/2c = 0.30 

a/2c 

= 0.50 

5.33 (0.21) 

Room 

- 

146.7 (133.5) 



_ 




137.6 (125.2) 




0.51 (0.02) 

20 (-423) 

82,6 (75.2) 

75.8 (89.0) 

56.2 (51.1) 


_ 



85.1 (77.4) 

69.5 (63.2) 






90.8 (82.6) 

- 

- 


- 

1.78 (0.07) 

20 (-423) 

- 

82.5 (75.1) 

79.6 (72.4) 

67.6 

(61.5) 




75.1 (68.3) 

71.1 (64.7) 

66.0 

(60.1) 

5.33 (0.21) 

20 (-423) 

- 

84.5 (76.9) 

- 




There are very little data available for comparison with the above. The 
reduction in for the thin gage specimens with decreasing temperature and 
the ratio of to Kj^ for the thin and intermediate gages appear reasonable. 
It is noted that the apparent for the 5.33 mm (0.21 inch) gage specimens 
tested at 20°K (-423°F) is slightly higher than that of the 1.78 (0.07 inch) 
gage specimens. Recall that the yield strength was lower and the Kj^ values 
were higher for the heat of material used for the thicker specimens. Observa- 
tion of the fracture faces of these specimens indicated full shear lips in the 
intermediate thickness specimens and about fifty percent shear in the thicker 
ones. Additionally, it is noted that apparent values exhibit a slight 
but consistent trend of reduced values with increase in a/2c. 

4. 2. 2. 3 Variables Affecting Break-Through Stress 

From discussion and data presented in previous sections and the prior work 
of Reference 5, it appears that fracture stress (in the elastic range) of 
surface flaw specimens can be predicted using available solutions regardless 
of failure mode. For specimens which fracture before leaking the prediction is 
based upon surface flaw stress intensity solutions which incorporate back 
surface magnification terms and thus failure strength is primarily a function 
of flaw depth, flaw shape, thickness, and Kj^. For specimens which leak 
before fracturing, the final fracture strength is primarily dependent on 
original surface flaw length and the Kcn value for the material. Additionally 
use of a ligament requirement of 0.10 ( ^ )^ appears to be a useful criterion 
for predicting whether leakage will precede fracture. 
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On the other hand, for those cases where leakage does precede fracture, pro- 
cedures are not available for predicting the stress at which leakage will 
occur. From discussions of Section 4.2.2 and from observation of the shape 
of stress/flaw size curves it is apparent that stress at leakage is not 
primarily dependent upon applied stress intensity. This is also borne out in 
Figure 50. Here the data for the 2219 weldments are plotted to show the 
observed relationship of flaw depth-to-thickness and flaw shape required to 
cause leakage (or fracture) at yield strength for the various test conditions 
studied in this program. These curves are cross plots of curves of 
Figures 45 thru 47. Figure 50(a) shows flaw-depth-to-thickness ratios and 
a/2c combinations which will cause leakage at the engineering yield strength 
at room temperature. The data are plotted in terms of a/t versus thickness 
with the family of a/2c values tested. Open circles denote leakage, solid 
circles denote fracture before leakage. In this instance (i.e., room tem- 
perature) only leakage occurs. Of primary significance in Figure 50(a) is the 
nearly horizontal slope of the curves. A stress intensity controlled process 
would exhibit curves with a high negative slope. For example, the calculated 
stress intensity for an a/t value of 0.70 and an a/2c of 0.15 is about 70 
percent higher for the 7.62 mm (0.300 inch) thickness than the 2.67 mm (0.105 
inch) thickness. A constant K curve would require the a/t value to drop to 
about 0.40 at a thickness of 7.62 mm (0.300 inch). There is a gross correspond- 
ence with stress intensity and the relative locations of the a/2c curves for a 
given thickness. Calculated stress intensity is somewhat lower for the high 
a/2c ratios. 

Curves for the cryogenic temperatures in Figures 50(b) and (c) are similar. 
Interestingly the 78K (-320F) data are nearly duplicates of the room tempera- 
ture curves. Note that the curves are plotted for leakage at engineering yield 
at 78K (-320F). The curves for liquid hydrogen temperature tests. Figure 
50(c) do show a drop in a/t values at all thicknesses and there is a mode 
change to fracture before leakage in the thickest gage. Recall, however, that 
both engineering yield and local yield strength increase rapidly below 78K 
(-320F) with engineering yield increasing faster. 
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It is concluded that leakage stress is not K controlled. Rather, it appears 
to be strongly dependent on yield strength, a/t and a/2c. 

In Reference (5) a study was made of the amount of flaw growth which took 
place on increasing load. Crack growth driving and resistance curves were 
constructed to describe instability for 12.7 mm (0.50 inch) thick base metal 
specimens which fractured before leakage. A similar attempt was made in this 
program using data from proof overload specimens described later in Section 4.3. 
However, data scatter precluded such an exercise. It aid appear that stable 
growth initiated at a relatively constant calculated stress intensity with 
this level increasing slightly as thickness increases. Data for the 1.60 mm 
(0.063 inch) gage specimens are shown in Figure 51. 

4. 2. 2. 4 Back Surface Dimpling 

Recent studies of back surface dimpling have made use of inteferometric tech- 
niques to study the surface displacements caused by the formation of plastic 
(8 20 ) 

zones' ’ \ Such techniques were not feasible on this program because 

instrumentation used to detect flaw break through made the rear surface 
inaccessible for direct observation. For this reason, strain gages were 
affixed to the rear surface to detect plastic zone penetration. Strain gage 
locations are noted in the data tables as described in Section 4.2.1. 

For these tests it was assumed that dimpling had occurred when the maximum 
strain on the back surface was equal to the yield strain of the material 
defined by 0.20 percent offset. The gross section stress at which this 
strain was reached is noted as the dimpling stress for each specimen in 
Table 19 thru 66. It is recognized that this definition of dimpling thres- 
hold is somewhat arbitrary, however it does represent a procedure which is 
fairly reproducible in view of the fact that we are considering lateral 
deformations in the realm of a few hundred microinches. The procedure noted 
above is identical to that used in the Reference 5 program. 

Results of the dimpling measurements are shown in Figures 52 thru 55. These 
are plots of the crack aspect ratio a/2c, versus crack depth ratio, a/t at 
the dimple stress to engineering yield strength ratio. Figures 52 and 53 
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show results for the 2219 weldment data at room temperature and 20K (-423F), 
respectively. Figures 54 and 55 show dimpling theshold for the 6A1-4V 
titanium weldments at room temperature and 20K (-423F), respectively. 

Included in the figures is a comparison of the raw data with threshold curves 
(solid lines) estimated by the Dugdale model of plastic yielding proposed in 
Reference 21 . 

In general, all figures show a definite trend for the data to group together 
for a given applied stress ratio with the perceived dimple threshold 

for a deeper crack occurring at a lower stress level as expected. The per- 
ceived dimple threshold is also relatively insensitive to changes in crack 
aspect ratio at all applied stress ratios. The agreement between predictea and 
observed threshold of dimpling is relatively good, with the experimental points 
having a consistent trend of lying on a slightly lower slope than that of 
either the predicted curves, or of the curves of the Reference 5 data. Further, 
it is seen that the test results are not strongly affected by test temperature. 

Francis et al measured dimpling thresholds on 6A1-4V^^^^ and 2219-T87^®^ alloys 
at room temperature by visual methods. His results showed dimpling could be 
visually observed at lower stress levels than those recorded in this program. 

The test results of Figure 54 are replotted in Figure 56 in terms of a non- 
dimensional ized form of stress intensity versus applied stress. This figure 
was plotted in this form to determine whether or not the threshold of perceived 
dimpling could possibly be used to estimate the corresponding stress intensity 
factor for a given applied stress level and plate thickness. It is seen that 
the estimate could be quite accurate at relatively high stress ratios, however, 
if stress ratios decrease, the calculated stress intensity is strongly 
dependent upon flaw shape. 

4.3 Cycl ic Tests 

The effects of flaw shape, proof overload cycle and stress level on the cyclic 
life of various thicknesses of "as-welded" 2219-T87 aluminum and 6A1-4V STA 
titanium were investigated and are presented in this section. All tests were 
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conducted in laboratory air at 295 K (72 F) using surface flawed specimens. 

The flaw shapes (a/2c values) for these specimens ranged from about 0.05 to 

0.50 and the test cyclic stress level was either 0.70 a or 0.85 a . 

ys ys 

Specimens that were proof tested were proofed to a stress equal to or 
0.91 The thicknesses investigated for the aluminum were 1.60 mm (0.063 

inch), 2.67 mm (0.105 inch), and 7.62 mm (0.30 inch) while thicknesses for the 
titanium were 0.51 mm (0.020 inch), 1.78 mm (0.070 inch), and 5.33 mm (0.21 
inch) . 


4.3.1 Fatigue Crack Growth Rates 

The cyclic crack growth rates for the materials investigated were determined 

in terms of da/dN and are presented as a function of maximum stress intensity, 

Kr . The stress intensity values were calculated using the equation: 

^MAX 


= 1.1 


^MAX 


'MAX 


^ Q ^ 


1/2 


where the deep flaw magnification factor is defined in Figure 30. For specimens 
receiving a proof test prior to cyclic testing, the amount of crack growth 
occurring during the proof test was not included in calculating the crack 
growth rates. This growth-on-loading was clearly defined by the adjacent 
precrack band and subsequent cyclic test band. For specimens that were not 
proof tested, the amount of growth-on-loading that occurred on the first 
cycle was not clearly defined and therefore was included in the growth rate 
calculations. This procedure would result in somewhat higher initial apparent 
cyclic crack growth rates than would actually exist. 


For each thickness of material investigated, proof and non-proofed specimens 
were tested. The stress conditions for the specimens which were proof tested 
are presented below: 


PROOF STRESS 

CYCLIC STRESS 

1 .0 a , 

0.85 a 

ys 

ys 

1.0 a 

0.70 a 

ys 

ys 

0.91 a. 

0.70 a 

ys 

ys 
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The non-proofed specimens were cycled at the same cyclic stress levels as the 
proofed specimens. The initial flaw sizes for these cyclic tests (proofed and 
non-proofed specimens) v/ere selected based on the flaw size that would just 
pass the specified proof stress for a given flaw shape, as determined from 
the prior static tests (ref. Section 4.2). 

2219-T87 Aluminum 

The cyclic crack growth rates developed for the "as-welded" 2219-T87 aluminum 
are shown in Figures 57 through 65 as a function of stress intensity. The 
crack growth rates obtained were very orderly when presented as a function of 
stress intensity which incorporated a deep flaw magnification factor. The 
specimens that were proof tested exhibited slightly retarded growth rates 
compared to the non-proofed specimens as illustrated in Figure 66. The amount 
of retardation also appears to increase for the proofed specimens having 
low a/2c values (long flaws), as observed in Figure 61 through 65. In general, 
these cyclic crack growth rate curves do not show a dependency on flaw shape 
for the majority of tests conducted. The variation in flaw shape is accounted 
for in the calculation of stress intensity in terms of the flaw shape para- 
meter, Q. The specimen and test details for these tests are presented in 
Tables 34 through 51. 

A summary of the cyclic crack growth rates obtained for the "as-welded" 2219-T87 
aluminum material tested is presented in Figure 67. All of the data presented 
in Figures 57 through 65 are incorporated into Figure 67. There appears to be 
a slight increase in cyclic growth rates at a constant stress intensity value 
as material thickness decreases. This same phenomena was observed for 2219-T87 
aluminum as presented in Reference 4 and 5. As Figure 67 illustrates, the 
cyclic crack growth rates are grouped within fairly narrow scatterbands for 
each material thickness, even though a wide range of flaw shapes, proof stress 
levels and cyclic stress levels were tested. 

6A1-4V STA Titanium 

The cyclic crack growth rates developed for the "as-welded" 6A1-4V STA titanium 
are shown in Figures 68 through 76 as a function of stress intensity. The 
data presentation for the titanium cyclic crack growth rates is the same as that 
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used for the aluminum, and the results obtained are similar. The crack growth 
rates obtained were very orderly and within the limits of the data generated, 
no dependency of crack growth rates on flaw shape was observed. The specimens 
that were proof tested exhibited moderately retarded growth rates compared to 
the non-proofed specimens. The amount of retardation is summarized in Figure 
77 for the material thicknesses tested. The specimen and test details for 
these tests are presented in Tables 52 through 69. 

A summary of the cyclic crack growth rates obtained for the "as-welded" 6A1-4V 
STA titanium is presented in Figure 78. All of the data presented in Figure 68 
through 76 are incorporated into Figure 78. Although the scatterbands for the 
titanium results are somewhat larger than those reported for the aluminum, there 
still appears to be a dependency of cyclic crack growth rates on material thick- 
ness. In general, the growth rates increase for decreasing material thickness at 
a constant stress intensity level. 

4.3.2 Influence of Flaw Shape on Cyclic Life 

One fundamental question which requires answering is what influence does the 
flaw shape have on the cyclic life of a pressure vessel that has been proof 
tested? As illustrated by the static fracture data presented in Section 4.2, 
a given proof stress level can screen both a long shallow and a deeper round 
flaw. A typical example is illustrated in Figure 79 for the 1.60 mm (0.063 
inch) "as-welded" 2219-T87 aluminum. Under cyclic operation, which flaw will 
break-through the back surface first; the shallow long flaw or the round deep 
flaw? To answer this question, the cyclic life data generated in this invest- 
igation were analyzed and presented in terms of the operating stress to proof 
stress ratio for the particular test under consideration. The procedure used 
parallels that which is employed when dealing with modified linear elastic 
fracture mechanics procedures. A brief explanation is presented below. 

If the cyclic crack growth rates are a stress intensity controlled phenomena, 
then the ratio of initial to critical stress intensity (1^] would be a 
measure of the cyclic life of a structure. If a structure is operated at a 
cyclic stress of after being subjected to a proof stress of Op, then the 
ratio of o^/op is equal to as illustrated in Figure 80. Specimens 

that were subjected to cyclic profiles in this investigation contained flaw 
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sizes that were targeted at the size that would cause break-through at the 
proof stress level. The instant of proof test termination was based on informa- 
tion obtained from the crack opening displacement (COD) instrumentation. When 
the COD instrumentation indicated imminent flaw break-through or fracture, the 
proof test was terminated. In general, this would mean that the actual proof 
stress level would either be slightly higher or lov/er than desired. The difference 
between actual flaw size present in a soecimen and the critical flaw size, a , 
predicted from stress-flaw size loci would increase or decrease the cyclic 
life of a test specimen. In essence, if the flaw size was less than the critical 
amount, the cyclic test would start at a lower initial stress intensity value 
(K^^. ) as illustrated in Figure 80; the converse is also true. The ratio 
is then a better measure of cyclic life of the actual test speciP'.ens^ As ^ 
presented in Figure 80, the ratio is numerically equal to (—)•(— 

for a given flaw shape parameter. All of the cyclic life data generated in 
this report was analyzed and presented as a function of this stress -flaw depth 
parameter. (This parameter will hereafter be referred to as KR) . 

Cycles to break-through versus the KR parameter for the "as-welded" aluminum 
and titanium are presented in Figures 81 and 82. All of the results indicate 
a dependency of cyclic life on flav^ shape with the shallow long flaw yielding 
significantly less life than the round deep flaw. The conclusion being that 
the long flaw barely passing a proof test will have substantially less cyclic 
life than a round (deeper) flaw barely passing the same proof test. 

The curves presented in Figure 81 and 82 could be used to select an operating 
stress level for a specific mission cyclic life requirement if the structure was 
proof tested at or near the weld yield strength and operated in an inert 
environment (i.e., air, helium, argon, etc.). If the structures successfully 
passed a proof test, a^ would be assumed to be equal to a^^ and the plots 
presented in Figure 81 and 82 would be reduced to operating-to-proof stress 
ratio versus cycles to leak or fracture. Since the flaw shape would be an 
unknown quantity, an analysis of this type would have to assume that a long 
flaw (a/2c ~ 0.05) existed. This would be conservative, yielding the shortest 
cyclic life. 
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It is interesting to see how the flaw shape affects cyclic life at a given 
operating stress level. This is most clearly illustrated by a specific example; 
in this case the 1.60 mm (0,063 inch) "as-welded" 2219-T87 aluminum. A cross- 
plot of the data from Figure 81 for that thickness of material yields the results 
presented in Figure 83 by the solid line. For comparison purposes, an analysis 
was conducted to determine the number of cycles necessary to grow flaws (of 
various flaw shapes which successfully passed a proof test) to the point of 
break-through. The initial flaw sizes screened by the proof test were used as 
the starting point and no flaw growth was assumed to occur during proof. The 
cyclic crack growth rate data used was based on the non-proofed rates presented 
in Section 4.3.1 for a given material thickness. The specific initial flaw 
depths for various initial flaw shapes are indicated in Figure 79 for the example 
being presented. The initial stress intensity levels at the operating stress 
for each of the three flaw shapes investigated are also indicated in Figure 79. 
The initial stress intensity values (calculated using the deep flaw magnification 
factor of Figure 30) are essentially the same for the 0.05 and 0.15 a/2c values 
and then decrease for the 0.30 flaw shape. The final stress intensity values at 
break-through were higher than the initial values and also decreased as the 
a/ 2c valine increased. The net result is that the average stress intensity 
( — — ) for a given flaw shape decreased as the a/2c value increased. 

Since the cyclic crack growth rate (da/dN) has been shown to be essentially 
independent of flaw shape when presented as a function of stress intensity (see 
Section 4.3.1), the higher average stress intensity for the long flaw would 
yield a higher crack growth rate than that for the round flaw. Even though 
the long flaw screened by the proof test had a larger amount of flaw growth 
potential before break-through than the round flaw, the higher crack growth rates 
for the long flaw results in the least cyclic life of any flaw shape. The 
results of this stress intensity/rate analysis are presented in Figure 83, as 
the dashed line, for the thin aluminum tested. The results compared very 
favorably with those obtained from the cyclic life versus operating-to-proof 
stress ratio analysis. 

4.3.3 Influence of Proof Test on Cyclic Life 

It has been observed for the weldments investigated herein that a proof test 
to about the yield strength of the weldment will yield information as to the 
initial flaw size that could have existed in the proofed structure. It is also 
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observed that a certain amount of flaw growth will occur during that proof 
test if the flaw size present in the structure approaches the critical initial 
size that would cause break-through. Since flaw growth can occur during the 
proof test, the question arises does the proof test actually reduce the avail- 
able cyclic life of the structure compared to a non-proofed structure having 
the same initial flaw present prior to any testing? The data presented in 
Figures 31 and 82 do not suggest this. These figures present the cyclic life 
of specimens that were proofed and non-proofed as a function of KR. For a given 
initial flaw shape, the cyclic life results for proofed specimens are essentially 
the same as the non-proofed specimens within the scatter of the data obtained. 
These figures also do not show any dependency on proof stress level 


{i .e. , Op=0.91 
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An even clearer demonstration of what effect the proof test has on the cyclic 
life of a welded structure can be observed in Figures 84 and 85. These figures 
illustrate that proofed and non-proofed specimens of approximately the same 
initial flaw size yield essentially the same cyclic life even though a consider- 
able amount of proof test flaw growth takes place for the proofed specimens. 


Specimens that are cycled after a proof test exhibit reduced cyclic crack 
growth rates (see Section 4.3.1) compared to non-proofed specimens. The 
results presented above appear to indicate that any detrimental effect caused 
by proof test flaw growth is compensated for in the subsequent reduced cyclic 
crack growth rates for these materials. This is most clearly expressed in 
terms of an example as presented in Figure 86. Two titanium specimens having 
essentially the same initial flaw size are cycled to break-through; one specimen 
is proof tested while the other one is not. A considerable amount of flaw 
growth occurs for the proofed specimen as shown in Figure 86. The manner in 
which the flaws grow during the cyclic test for these two specimens is also 
shown in Figure 86. The proofed specimen grows considerably slower initially 
than the non-proofed specimen with the net result being almost identical cyclic 
lives for the two specimens. 


In conclusion, there appears to be no detrimental effect of a proof test on 
the cyclic life of the "as-welded" material investigated. 
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Another interesting point concerning proof tests of the "as-welded" materials 
investigated is that a room temperature proof test could be used to guarantee 
the operation at cryogenic temperatures as shown in Figure 87. In this example, 
a room temperature proof test to a would screen the same size flaw as o at 20K 
(-423F) . Thus the cryogenic cyclic life of a structure which passes a room tempera- 
ture proof test could be estimated by use of the type of plot as shown in Figure 
81 and 82. In this case the data required would be obtained by cyclically test- 
ing specimens at 20K (-423F) after being subjected to a room temperature proof 
test. 
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5.0 CONCLUSIONS 


The following conclusions are based upon test results of surface flawed 2219-T87 
aluminum and 6A1-4V titanium weldments in thicknesses which would result in a 
leak-before-fracture mode. However, these conclusions may also be generally 
applicable to other alloys: 


Static Fracture Behavior 

(1) Leak-before-fracture mode can normally be expected if the initial 

KiE .2 

flaw ligament dimension is less than about 0.10 ( ) . 

(2) Fracture strength of specimens which leak-before-break can be 
estimated by considering the initial flaw length (2c) and the 
appropriate thru-crack toughness value of the material. 

(3) The stress level at which crack break-through occurs can not 
presently be predicted, however, it appears to be strongly 
dependent upon flaw depth-to-thickness ratio, flaw shape and 
yield strength. 

(4) Flaw sizes in a proof tested structure may be estimated by 
observing back surface dimpling and this technique may even- 
tually prove useful as a nondestructive inspection tool. 


Cyclic Behavior 

(1) The cyclic crack growth rates for "as-welded" 2219-T87 aluminum 
and 6A1-4V STA titanium can be adequately described as a function 
of applied Kj levels (incorporating deep flaw magnification 
factors). The crack growth rates presented in this manner appear 
to be independent of flaw shape and cyclic stress level. The 
crack growth rates increase with decreasing thickness. 

(2) A successful proof test of materials in which leak-before-break 
mode prevails can provide assurance of subsequent safe life 
operation, 

(3) When equally critical shallow long flaws and deep round flaws, 
(i.e., both flaws would barely survive a given proof stress), 
are cyclically tested the shallow long flaws yield the shortest 
cyclic lives. 
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(4) While significant flaw growth can occur during a proof test of thin 
and/or high toughness materials, subsequent cyclic life is not 
impaired when compared to a non proof tested condition. The growth 
which occurs during proof testing is compensated for by retarded 
cyclic crack growth rates. 
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Figure 1 : 2219- T87 A L UMINUM WEL OS 
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Figure 2 : 6AI-4V TITANIUM WELDS 
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Figure 3: 2219-T87 ALUMINUM ALLOY BASE METAL AND WELDMENT, AND 6AL-4V TITANIUM ALLOY BASE METAL TENSILE SPECIMEN 





Figure 4: 6AL-4V TITANIUM ALLOY WEL DMENT TENSILE SPECIMEN 
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Figure 7: 7.62 mm (0.300 INCH) THICK 2219-T87 ALUMINUM ALLOY BASE METAL SPECIMEN 
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Figure 8: 0.51 mm (0.020 INCH) THICK 6AL-4V TITANIUM ALLOY BASE METAL AND WELDMENT SPECIMEN 
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Figure 9: 
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Figure 10: 6.35 mm {0250 INCH} THICK 6AL-4V TITANIUM 
ALLOY BASE METAL SPECIMEN 
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Figure 13: 127.0 mm {5.00 INCH} WIDE 2219-T87 ALUMINUM ALLOY WELDMENT SPECIMEN 



Figure 14: 152.4 mm (6.00 INCH) WIDE 2219 -T87 ALUMINUM ALLOY WELDMENT SPECIMEN 




Figure 15: 228.6 mm (9.00 INCH) WIDE 2219-T87 

AL UMINUM ALLOY WELDMENT SPECIMEN 
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Figure 16. 241.3 mm (9.50 INCH) WIDE22W-T87 

ALUMINUM ALLOY WELDMENT SPECIMEN 
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Figured: 1.78 mm (0.070 INCH) X 20.3 mm (0.80 INCH) 6AL-4V 

TITANIUM ALL 0 Y WELDMENT SPECIMEN 








Figure 19: 
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Figure 20: 5.33 mm (0.27 INCH) X 38.1 mm (7.50 INCH) 6AL4V 

TITANIUM AUO Y WEL OMENT SPECIMEN 








Figure 22: 5.33 mm (021 INCH} X 762 mm (3.00 INCH} 

6 AL-4V TITANIUM ALLOY WELDMENT SPECIMEN 
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Figure 23: 5.33mm (OJUNCH) X 152.4 mm 

(6.00 INCH) 6AL^V TITANIUM 
ALLOY WELDMENT SPECIMEN 
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Figure 25: BREAKTHROUGH INDICA TED BY STRAIN GAGES (SPECIMEN SAR 6-1-2) 
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Figure 26: PRESSURE CUPS 
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Figure 27: FLAW OPENING MEASUREMENT OF SURFACE FLAWED SPECIMENS 
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Figure 28: VARIA TION IN IRWIN FRACTURE TOUGHNESS WITH RESPECT TO FLAW LOCA TION 
IN WELDED Tl 6AI-4 V. TESTS CONDUCTED IN ROOM TEMPERA TORE AIR. 






Figure 30: DEEP FLAW MA GNIF/CA TION CUR VES (Reference 4) 
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Figure 32: TENSILE PROPERTIES OF 2213-T87 ALUMINUM ALLOY BASE METAL 
THICKNESS = 2.67mm (0. 105 INCH) 
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Figure 33: TENSILE PROPERTIES OF 2219-T87 ALUMINUM ALLOY BASE METAL, 
THICKNESS = 7.62 mm (0.30 INCH) 
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Figure 34: TENSILE PROPERTIES OF Ti BAM VSTA 81 I^K (ST A 100(PF) BASE METAL, 
THICKNESS - 0. 51 mm (0.020 in.) 
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Figure 36: PROPERTIES OF Ti 6AI-4V STA 811°K (STA WOOPF) BASE METAL. 

THICKNESS = 6.35 mm (0.250 in.) 
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INDICATED ELONGATION 



Figure 37: TENSILE PROPERTIES OF 2219-T87 ALUMINUM ALLOY WELDMENTS, 
NO POST WELD HE A T TREA TMENT, THICKNESS = 1.60mm (0.063 INCH) 
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Figure 38: TEfl/SfLE PROPERTIES OF 2219-787 A L UMINUM ALLOY WELDMENTS. 

NO POST WELD HEA T TREA TMENT. THICKNESS = 2.67mm (0. 105 INCH) 
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Figure40: TENSILE PROPERTIES OF SmVStA BII^K (W0(PF) TITANIUM ALLOY WELDMENTS. 
THICKNESS = 0.51 mm (0.020 in.) 
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Figure 42: 8 IIOK iW0(PF} TITANIUM ALLOY WELDMENTS, 

I nILKNtSS = 5.33 mm (0,210 tn.) 
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Figure 45: STRESS VS. a/t CURVES 
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Figure 46 (b) t = 2.67 mm (0. 105 in) 



Figure 46 (c) t = 7.62 mm. (0.30 in) 
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Figure 50: COMBINA TIONS OF FLAW GEOMETRiES AND SIZES CAUSING LEAKAGE AT 
YIELD STRESS, 2213 T87 ALUMINUM WELDMENTS 
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Figure 51: INITIAL STRESS INTENSITY VS. GROWTH-ON-LOADING, 1.60mm (0.063 INCH) 

2219-T87 ALUMINUM ALLOY WELDMENTS PROOF TESTED AT ROOM TEMPERATURE 
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Figure 53: DIMPLING THRESHOLD FOR 2219-T87 ALUMINUM WELDMENTS AT 20K (-423F) 


9 


































Os/nt~ 



Figure 56: COMPARISON OF APPLIED STRESS INTENSITY AND PERCEIVED DIMPLING 
6AI-4V TITANIUM WELDMENTS @ ROOM TEMPERATURE 
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Figure 58: PLOT OF CYCLIC CRACK GROWTH RA TES VS. /f/ FOR 1.60mm (0.063 INCH) "AS-WELDED" 2219-T87 
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Figure 59: PLOT OF CYCLIC CRACK GROWTH RA TES VS. K, FOR 1.50 mm (0.063 INCH) "AS-WELDED" 2219-T87 

'MAX 

ALUMINUM CAPABLE OF PASSING 0.91 ay PROOF AND CYCLED AT 0.70 oy IN RT AIR 


r 


SOLID SYMBOLS INDICATE PROOFED SPECIMENS 
OPEN SYMBOLS INDICATED NON-PROOFED SPECIMENS 


MAX 




MAX 


<a/2c|. 


• 

PA1Y85-3 

0.29 

▲ 

PA1YB5-4 

0.10 

■ 

PA1Y85-5 

0.45 

♦ 

PA1Y85-efr 

>0.05 

o 

A1Y85-1 f 

>0.05 


A1Y85-2 

0.14 

□ 

A1Y85-3 

0.28 


O A1Y85-4 0.10 

y A1Y85-5 0.40 



SOLID SYMBOLS INDICATE PROOFED SPECIMENS 


OPEN SYMBOLS INDICATE NON-PROOFED SPECIMENS 


Oq/CTn > 1 -0 in - I NCH/CYCLE) 

1 10 100 1000 



100 1000 10,000 100,000 


da/dN (M - mm/CYCLE) 

Figure 60: PLOT OF CYCLIC CRACK GROWTH RATES KS*. FOR 2.67 mm (0.105 INCH) "AS-WELDED" 2219-T87 
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Figure 61: PLOT OF CYCLIC CRACK GROWTH RA TCS VS. K, ^ for 2.67 mm (0. 105 INCH) "AS-WELDED" 2219-T87 
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Figure S3: PLOT OF CYCLIC CRACK GROWTH RA TES VS. Ki FOR 162 mm (0.30 INCH) "AS^WELDED" 2213‘T87 
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Figure 64: PLOT OF CYCLIC CRACK GROWTH RA TES VS. K, FOR 7.62 mm (0.30 INCH} "AS-WELDED" 2219-T87 
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Figure 65: PLOT OF CYCLIC CRACK GROWTH RATES VS. K, , ^FOR 7.62 mm (0.30 INCH) "AS-WELDED" 2219-T87 
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Figure 66: da/dN VS. K,^^^SHOWm EFFECT OF PROOF TEST ON CYCLIC CRACK GROWTH 

RA TES FOR "AS-WELDED" 2213-T87 ALUMINUM IN RTAIR 
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Figure 67: da/dN VS. SHOWING COMPARISON OF CYCLIC CRACK RA TES FOR "AS-WELDED 

2219-T87 ALUMINUM IN RTAIR 
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Figure 68: PLOT OF CYCLIC CRACK GROWTH RA TES VS. K, FOR 0.51 mm (0.020 INCH} "AS-WELDED" 

'MAX 

6AL-4VSTA TITANIUM CAPABLE OF PASSING Oy PROOF AND CYCLED AT 0.85 oy IN RT AIR 


Kimay (KSI v/INT 





• 

PTO2Y70-1 

(a/2c)j 

(0.13) 

▲ 

PTO2Y70-2 

(0.11) 

■ 

PTO2Y70-3 

(0.21) 

0 

TO2Y70-1 

(0.05) 

A 

T02Y70-2 

(0.08) 

□ 

T02Y70-3 

(0.25) 


} 

> 


SOLID SYMBOLS INDICATE PROOFED SYMBOLS 


OPEN SYMBOLS INDICATE NON-PROOFED SPECIMENS 


da/dN {/I - INCH/CYCLE) 



Figure 63: PLOTS OF CYCLIC CRACK GROWTH RA TES FOR VS. K, FOR 0.51 mm (0.020 INCH) "AS-WEIDED" 6AL4 V 

ft^AK 

STA TITANIUM CAPABLE OF PASSING oy PROOF AND CYCLED AT 0.70 oy IN RT AIR 


cniA ISX) 



• 

PTO2970-2 

(a/2c)j 

(0.14) 

A 

PTO2970-3 

(0.26) 

■ 

PTO2970-4 

(0.07) 

O 

T02970-1 

(0.06) 

A 

T02970-2 

(0.11) 

□ 

T02970-3 

(0.21) 


y 

> 


SOLID SYMBOLS INDICATE PROOFED SPECIMENS 


OPEN SYMBOLS INDICATE NON-PROOFED SPECIMENS 


da/dN (ju- INCH/CYCLE) 



FiguK 70: PLOT OF CYCLIC CRACK GROWTH RA TES VS. K, FOR 0.51 mm (0.020 INCH) "AS-WELDED" 6AL-4V STA 

TITANIUM CAPABLE OF PASSING 0.31 oy PROOF AND CYCLED AT 0.70 ay IN RT AIR 


CNiA IS>I) ^VW|>| 



{ ) 


<a/2c)i 


• 

PT7Y85-1 

(0.18)^ 


A 

PT7Y85^2 

(0.26) 


■ 

PT7Y85-3 

(0.47) 


♦ 

PT7Y85-5 

(0.50) - 


0 

T7Y85-1 

(0.12) n 


A 

T7Y85-2 

(0.26) 


□ 

T7Y853 

(0.39) 

— 

0 

T7Y85-4 

(0.42) 


S7 

T7Y85-5 

(0.42) -1 



|— SOLID SYMBOLS INDICATE PROOFED SPECIMENS 

OPEN SYMBOLS INDICATE NON-PROOFED SPECIMENS 
da/dN Im- INCH/CYCLE) 



da/dN (ju- mm/CYCLE) 


FigureJI: PLOT OF CYCLIC CRACK GROWTH RATES VS. K.^^^FOR 1.78 mm (0.070 INCH) "AS-WELDEO" 6AL-4V STA 

'MAX 

TITANIUM CAPABLE OF PASSING oy PROOF AND CYCLED AT 0.85 uy IN RT AIR 


CNiA 1S>II 




•^IMAX 


• 

PT7Y70-1 

(a/2c)j 

I0.15) 

A 

PT7Y70-2 

(0.29) 

■ ' 

PT7Y70-3 

(0.45) 

O 

T7Y70-1 

(0.13) 

A 

T7Y70-2 

(0.26) 

□ 

T7Y70-3 

(0.40) 


> 

}- 


SOLID SYMBOLS INDICATE PROOFED SPECIMENS 
OPEN SYMBOLS INDICATE NON-PROOFED SPECIMENS 


da/dN (m- INCH/CYCLE) 



da/dN {/i - mm/CYCLE) 


Figure 72: PLOT OF CYCLIC CRACK GROWTH RATES VS. K,^^^FOR 1.78 mm (0.070 INCH} "AS-WELDED" BAL-4V STA 

'MAX 

TITANIUM CAPABLE OF PASSING Oy PROOF AND CYCLED AT 0.70 ay tN RTAIR 


CNiA ISX) ^VW|>| 




KImAX ( MN/m3/2 ) 


(a/2c»i 


• 

PT7970-1 

(0.16) 

A 

PT7970-2 

(0.28) 

■ 

PT7970-3 

(0.41) 

0 

T7970-1 

(0.14) 

A 

T7970-2 

(0.26) 

□ 

T7970-3 

(0.40) 


> 

> 


SOLID SYMBOLS INDICATE PROOFED SPECIMENS 


OPEN SYMBOLS INDICATE NON-PROOFED SPECIMENS 


da/dN (ju- INCH/CYCLE) 



Figure 73: PLOT OF C YCLIC CRA CK GROmH RA TES VS. K, FOR 1 78 mm (0. 070 INCH) "AS-WELDED " 6AL-4V 

'MAX 

STA TITANIUM CAPABLE OF.PASSING 0.91 oy PROOF AND CYCLED AT 0.70 oy IN RTAIR 


cniA ISX) 





• 

PT21Y85-1 

(a/2c) 

(0.19) 

A 

PT21Y85-2 

(0.31) 

■ 

PT21Y85-3 

(0.36) 

0 

T21Y85-1 

(0.15) 

A 

T21Y85-2 

(0.29) 

□ 

T21Y85-3 

(0.42) 






SOLID SYMBOLS INDICATE PROOFED SPECIMENS 


OPEN SYMBOLS INDICATE NON-PROOFED SPECIMENS 


da/dN {( 1 - INCH/CYCLE) 



Figure 74: PLOT OF CYCLIC CRACK GROWTH RA TES VS. K, FOR 5.33 mm (0.21 INCH) "AS-WELDED" 6AL4V STA 

MAX 

TITANIUM CAPABLE OF PASSING Oy PROOF AND CYCLED AT 0.85 oy IN RTAIR 


cniA ISX) 



• 

PT21Y70-1 

(a/2c)j 

<0.20) 

A 

PT21Y70-2 

(0.34) 

■ 

PT21Y70-3 

(0.40) 

O 

T21Y701 

(0.15) 

A 

T21Y7C^2 

(0.29) 

□ 

T21Y70-3 

(0.42) 


> 


SOLID SYMBOLS INDICATE PROOFED SPECIMENS 
OPEN SYMBOLS INDICATE NON-PROOFED SPECIMENS 


da/dN {fi- INCH/CYCLE) 



da/dN in - mm/CYCLE) 

Figure 75: PLOT OF C YCL !C CRA CK GROWTH RA TES VS. K, FOR 5.33 mm (0.2 1 1NCH) "AS-WELDED " 6AL-4V ST A 

'MAX 

TITANIUM CAPABLE OF PASSING Oy PROOF AND CYCLED AT 0.70 oy INRTAIR 








(a/2c)j 

• 

PT21970-1 

(0.1 5) -I 

A 

PT21970-2 

(0.27) \— SOLID SYMBOLS INDICATE PROOFED SPECIMENS 

■ 

PT21 970-3 

(0.41) 

O 

T21 970-1 

(0.14) -1 

A 

T21 970-2 

(0.26) H OPEN SYMBOLS INDICATE NON-PROOFED SPECIMENS 

□ 

T21 970-3 

(0.42) -1 


da/dN (/i- INCH/CYCLE) 



100 1000 10,000 100,000 


da/dN (/i-mm/CYCLE) 

Figure 76: PLOT OF CYCLIC CRACK GROWTH RA TES VS. K, FOR 5.33 mm (0.21 INCH) "AS-WELDED" 6AL-4V 

MAX 

STA TITANIUM CAPABLE OF PASSING 0.91 oy PROOF AND CYCLED AT 0.70 Oy IN RT AIR 


CniA isx) 



(MN/m3/2) "^ImAX '^'mAX < 


I 



da/dN (/i INCH/CYCLE) 



da/dN (jumm/CYCLE) 


da/dN (ii-INCH/CYCLE) 



da/dN (/imm/CYCLE) 


Figure 77: da/dN VS. Kf^^^SHOWING EFFECT OF PROOF TEST ON CYCLIC CRACK GROWTH 

RATES FOR "AS-WELDED" 6AI-4V STA TITANIUM IN RT AIR 
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MAX (KSlv^Ni K|„AX IXS'n/W 




*^I|WAX 


da/dN [fjL~ INCH/CYCLE) 



Figure 78: da/dN VS. SHOWING COMPARISON OF CYCLIC CRACK RA TES FOR "AS-WELDED" 

BAM V STA TITANIUM IN RT AIR 


CNiA ISX) 




FAILURE LOCI 



INITIAL FLAW DEPTH, a| (mm) 

{ I I I I I u 

0 0.01 0.02 0.03 0.04 0.05 0.060 '''v „ 

O.Odo 

INITIAL FLAW DEPTH, Sj (INCH) 


Figurp 79: PLOT OF APPUED STRESS VS. INITIAL FLAW DEPTH FOR 1.60 mm (0.063 , NCR) 
"AS-iVEL DED" 2219- T87 ALUMINUM AT RT 
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Figure 80 : STRESS INTENSITY RA TIO RE LA TIONSHIPS 
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CYCLES TO BREAKTHROUGH, N 


ro 



10 100 1000 10,000 100,000 

CYCLES TO BREAKTHROUGH, N 


Figure 81: PLOT OF CYCLIC LIFE VS. KR OF "AS~\ 


t = 2.67mm (0.105 INCH) 



10 100 1000 10,000 100,000 

CYCLES TO BREAKTHROUGH, N 



"2219-T87 ALUMINUM AT RT 
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O) 



CYCLES TO BREAKTHROUGH, N 
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1 (a/2c)| 
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FILLED SYMBOLS INDICATE SPECIMEN PROOFED BEFORE CYCLING 


Figures?: PLOT OF CYCLIC LIFE VS. KR OF "AS-WELDED" 6AI-4V STA TITANIUM AT RT 
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CYCLES TO BREAKTHROUGH, N 


SYM. 

SPECIMEN 


■ 

PA3-9-702 

0.91 

▲ 

PA3-9-70-3 

0.91 

• 

PA3-9-7CM 

0.94 

o 

A3-9-70-1 

— 

□ 

A3-9-70-2 

— 

A 

A3-9-70-3 

— 



SOLID SYMBOLS 
DENOTE PROOF TESTS 


Figure 84: EFFECT OF FLA W SHAPE ON CYCLES TO BREA KTH ROUGH, 7.62 mm (0.300 INCH) 2219 A L UMINUM WEL OS 
PASSING 0.91 oy PROOF AND CYCL ED AT 0.70 oy, R = 0 IN ROOM TEMPERA TURE A IR 





SYM 


SPECIMEN 




▲ 
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PT21-Y-7CM 

PT21-Y-70-2 

PT21-Y*70-3 
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SOLID SYMBOLS 
DENOTE PROOF TESTS 
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Figure 85: EFFECT OF FLAW SHAPE ON CYCLES TO BREAKTHROUGH 533 mmJ0,27 INCH) SAL-4VSTA TITANIUM WELDS 
PASSING oy PROOF AND CYCLED AT 0 JO OyR-0 IN ROOM TEMPERA TUBE AIR 





FLAW DEPTH, a (INCHES) 



Figure 86: FLAW DEPTH VERSUS CYCLES FOR PROOFED AND NON-PROOFED 5.33 mm (0.21 INCH) "AS-WELDED" 6AL-4V 
ST A Tl TANIUM CYCLED AT 0^ = 0.7 uy (N RT AIR 





APPLIED STRESS, a IKSI) 





Table 1: 


CHEMICAL COMPOSITION OF 2219-T87 ALUMINUM (% by WTJ 
AS DETERMINED BY BOEING AEROSPACE COMPANY TESTS 


ELEMENT 

3.18 mm (0.125 
INCH) SHEET 
ALCOA HEAT 720471 

12.7 mm (0.50 
INCH) PLATE 
ALCOA HEAT 613941 

MANGANESE 

0.28 

0.30 

VANADIUM 

0.09 

0.09 

SILICON 

0,11 

0.12 

COPPER 

6.09 

5.95 

ZINC 

0.09 

0.09 

TITANIUM 

0.08 

0.05 

IRON 

0.22 

0.25 

MAGNESIUryi 

0.014 

0,005 

ZIRCONIUM 

0.16 

0.12 

ALUMINUM 

BALANCE 

BALANCE 


Table 2: CHEMICAL COMPOSITION OF 2313 AL UMINUM WELD WIRE 

AS DETERMINED BY BOEING AEROSPACE COMPANY TESTS 


ELEMENT 

% BY WT. 

MANGANESE 

0.25 

VANADIUM 

0.07 

SILICON 

0.15 

COPPER 

6.00 

ZINC 

0.05 

TITANIUM 

0.14 

IRON 

0.18 

MAGNESIUM 

0.02 

ZIRCONIUM 

0.17 

ALUMINUM 

BALANCE 

i 


MFGR: LINDE, HEAT NO. 354031 A, 1.57 mm (0.062 IN.) DIA. 

preceding page blank not filmed 











Table 3: CHEMfCA L COMPOSITION OF TITANIUM 6A! ~4V (% BY WT.) 

AS OETERMINED BY BOEING AEROSPACE COMPANY TESTS 


ELEMENT 

2.03 mm (0.080 
INCH) SHEET 
RMI HEAT 304610 

6.35 mm (0.250 
INCH) PLATE 
RMI HEAT 304623 

ALUMINUM 

6.1 

6.1 

VANADIUM 

3.9 

3.9 

IRON 

0.2 

0.17 

CARBON 

0.01 

0.02 

NICKEL 

0.009 

0,010 

OXYGEN 

0.109 

0.109 

HYDROGEN 

37 ppm 

38 ppm 

TITANIUM 

BALANCE 

BALANCE 


Table 4. CHEMICA L COMPOSITION OF SA MV T! TANIUM WEL 0 WIRE 

AS DETERMINED BY BOEING AEROSPACE COMPANY TESTS 


ELEMENT 

% BY WT. 

ALUMINUM 

6.05 

VANADIUM 

3.61 

IRON 

0.01 

TITANIUM 

BALANCE 


MFGR; TMCA,.HEAT NO. G8080, 1.57 mm (0.062 IN.) DIA. 












tables: STATIC FMCTUFE TESH • ROOM TEMPERATURE SAI-4VTITAMUM, COMPARISON OF FLAW LOCATIONS.!- fJS mm (0.070 INCH) 
a/2c-0.J5 



SP£CI^ 

z 

LJJ 

-< 


TEST 

FRACTURE DATA | 

z 

g 

H 

< 

O 

o 

-1 

$ 

5 

iL 

DC 

LU 

5 

D 

Z 

GAGE THICKNESS, t 
mm (INCH) 

GAGE WIDTH, w 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

ENVIRONMENT 

0 

& 

l/i 

V) 

US 

a: 

CQ c/> 
UJ ^ 

-1 
< S 

IL S 

0 

0 ^ 

Cfj' 

c/3 

UJ 

DC 

K _ 
(/) — 

(D V 
Z 3 

o. E 

IS 

D 5 

CO 

CO 

Ui ^ 

£ w 

5 'e 
o| 

OC ^ 
X 

H oQ 

UJ 

DC 

m 

INITIAL FLAW DEPTH, 8j 
mm (INCH) 

INITIAL FLAW LENGTH, 
(2c)j mm (INCH) 

INITIAL 
FLAW DEPTH 

GAGE THICKNESS 

INITIAL 

FLAWO_EPTH , 

INITIAL ■ ' 1 

FLAW LENGTH I 

A 

> 

D 

D 

A 

0 

IRWIN'S APPARENT K 
AT BREAKTHROUGH 

MN/m^/^ (KSl\nN) 

BASE 

METAL 

STR- 

8-1'BM 

1.79 

(0.0703) 

4.44 

(1.7477) 

— 

AIR 

@ 

295 QK 

820.5 

(119.0) 

[5> 

— 

1.22 

(0.048) 

8.38 

(0.330) 

0.683 

0.145 

a 

0,79 

54.3 

(49.4) 

HAZ 

STR- 

8-THAZ 

1.66 

(0.0653) 

4.43 

(1.7428) 


mrnm 

nm 

E> 


1.22 

(0,048) 

8.31 

(0.327) 

0.735 

0.147 

B 

0,81 

55.3 

(50.3) 

FUSION 

LINE 

STR< 

B -I^FL 

1,78 
{ 0.0699) 

4.45 

(1.7503) 

— 

y 

rt 

r 

871.5 

(126.4) 

E> 

— 

1.22 

(0.048) 

8.20 

(0.323) 

0.687 

0.149 

— 

0.84 

58.0 

(52.81 

i 

(Rep.) 

STR. 

B-M 

1.81 

(0.0712) 

63.41 

(2.4965) 

370 

991.5 

(143.8) 

785.3 

(113.9) 

— 

0.84 

(0.033} 

5.92 

(0.233) 

0.463 

0.142 


0.96 

56.4 

151.3) 

J^EF.) 

STR- 

8-1-2 

1.84 

iO.0725) 

44.63 

(1.7570) 

43 ° 

795.7 

{115.4} 

503.3 

(73.0) 

773.6 

(112.2) 

1.32 

(0.0521 

8.38 

(0.330) 

0.717 

0.158 

0.75 

0.77 

52.3 

(47.6) 

(REF.) 

STR- 
8- 1-3 

1.74 

(0.0686) 

44.67 

(1.7588) 

48° 

737.1 

(106.9) 

319.9 

(46.4) 

599.9 

(87.0) 

1.45 

(0.057) 

10.54 

10.415} 

0.831 

0.137 

0.58 

0.71 

42.4 

(38.6) 

(REF.) 

STR- 

8-1-4 

1.70 

(0.0670) 

44.44 

{1.7496} 

27° 

829.5 

(120.3) 

639.9 

(92.8) 

— 

1.09 

(0.043) 

7.75 

(0.305) 

0.642 

0.141 

— 

0.80 

52.3 

(47.6) 


[l^CFy = 1035 MN/m2 (150.1 KSII 
^2^ NOT INSTRUMENTED FOR DIMPLING 














Table 6: ROOM TEMPERATURE TENSILE PROPERTIES OF 2219-T87 ALUMINUM ALLOY BASE METAL 
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Table 7: LIQUID HYDROGEN TEMPERA TURE TENSILE PROPERTIES OF 2219-T87 
A L UMINUM ALL 0 Y BASE METAL 


SPECIMEN 

NUMBER 

NOMINAL 
THICKNESS, 
mm (INCH) 

MEASURED 
THICKNESS, 
mm (INCH) 

TEST 

ATMOSHPERE 

GRAIN DIRECTION 
L = LONGITUDINAL 
T = TRANSVERSE 

ULTIMATE 
STRENGTH, 
MN/m2 (KSI) 

YIELD 
STRENGTH, 
MN/m2 (KSI) 

ELONGATION, 

% IN 50.8 mm 
(% IN 2.0 INCHES) 

REDUCTION 
IN AREA, % 

MODULUS OF 
ELASTICITY, 

Ex10%N/m2 

(Ex10®PSI) 

POISSON'S 

RATIO 

TAL-3 

TAL-4 



1.592 

(0.0627) 

1.575 

(0.0620) 

LH2 

20°K 

(-4230F) 


664.7 

(96.4) 

674.3 

(97.8) 

475.7 

(69.0) 

494.4 

(71.7) 

15 

23 

t> 

80.7 

(11.7) 

75.2 

(10.9) 

0.337 

AVG. 



— 

III 

■ 



484.7 

(70.3) 

— 


nuH 

— 

TAT-3 

TAT-4 

1 

1 

1.585 

(0.0624) 

1.582 

(0.0623) 

1 

1 

1 

674.3 

(97.8) 

695.0 

(100.8) 

463.3 

(67.2) 

486.8 

(70.6) 

13 

14 

19 

18 

■jKMJBI 

■fBDB 

miiB 

0.334 

AVG. 

■ 

■ 

— 

■ 

■ 


684.7 

(99.3) 

475.1 

"(68.9) 

13 

18 

■uraB 

— 

TAL-7 

TAL-8 

1 


3.170 

(0.1248) 

3.178 

(0.1251) 

1 

1 

■ 

669.5 

(97.1) 

662.6 

(96.1) 

481.3 

(69.8) 

474.4 

(68.8) 

16 

15 

24 

18 

hQdB 

■kusB 

0,375 

AVG. 

■ 

■ 

— 



— 

666.1 

(96.6) 

477.8 

(69.3) 

■■ 

21 

H 

— 

TAT-7 

TAT-8 

1 

1 

3.178 

(0.1251) 

3.183 

(0.1253) 

1 

1 

T 

T 

698.5 

(101.3) 

698.5 

(101.3) 

490.9 

(71.2) 
484.0 

(70.2) 

H 

20 

17 

81.4 

(11.8) 

77.2 

(11.2) 

0.347 

AVG. 

■ 

■ 

— 

■ 

■ 

— 

698.5 

(101.3) 


B 

18 

79.3 

(11.5) 

— 

TAL-1 1 
TAL-12 

i 

1 

7.668 

(0.3019) 

7.673 

(0.3021) 

1 

1 



491.6 
(71.3) 
497.1 
(72.1) . 

II 

24 

22 

BDuB 

0.341 

AVG. 



— 



— 

691.6 

(100.3) 

494.4 

(71.7) 

Bi 

23 

■RB 

— 

TAT- 11 
TAT-12 

1 

1 

7.620 

(0.3000) 

7.648 

(0.3011) 

1 

1 

■ 

701.9 

(101.8) 

699.8 

(101.5) 

502.0 

(72.8) 

502.0 

(72.81 

14 

15 

17 

16 

75.8 

(11.0) 

75.2 

(10.9) 

0.311 

AVG. 

■ 

■ 

— 

■ 

■ 

— 


WmM 




— 


[T>- NOT AVAILABLE, SPECIMEN FAILED OUTSIDE OF MEASURED TEST SECTION 
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Table 8: ROOM TEMPERATURE TENSILE PROPERTIES OF 6AI4V TITANIUM ALLOY 
BASE METAL, STA (COND. Ill, XBMS 7-174B) 


SPECIMEN 

NUMBER 

NOMINAL 
THICKNESS, 
mm (INCH) 

MEASURED 
THICKNESS 
mm (INCH) ' 

TEST 

ATMOSPHERE 

GRAIN 
DIRECTION 
L = LONGITUDINAL 
T - TRANSVERSE 

ULTIMATE 

STRENGTH, 

MN/m^ (KSI) 

YIELD 

STRENGTH. 

MN/m^ (KSI) 

ELONGATION' 

% IN 50.8 mm 
(% IN 2.0 INCHES) 

REDUCTION 
IN AREA, % 

MODULUS OF 
ELASTICITY, 

ExIO^MN/m^ 

(Ex10®PSI) 

POISSON'S 

RATIO 

TTL^I 

TTL-2 



0.579 

(0,0228) 

0.597 

(0,0235) 

AIR 

@ 

295°K 

172°F) 


1125.3 

(163.2) 

1141.1 

(165.5) 

1038.4 

(150.6) 

1057.0 

(163.3) 


■ 


0.332 

AVG. 


■ 


■ 

■ 


1132.8 

(164.3) 



— 

— 

— 

TTT-1 

TTT-2 

1 

1 

H 

1 


T' 

T‘ 

■ncCTM 

IB 

PI 

8 

9 

: 

115.1 

(16.7) 

0.334 

AVG. 

■ 

■ 





■•iSfKfl 

IfRflEsI 

8 

— 

— 

— 

TTL-5 

TTL-6 

2.( 

(0.( 

33 

380) 

1.961 

(0.0772) 

1.961 

(0.0772) 

1 

1 

■ 

1156.3 

(167.7) 
1150.1 

(166.8) 

1077.0 

(156.2) 

1079.8 

(156.6) 

18 

16 

■ 

■ulaHI 

0.333 

AVG. 








iiEgni 

ifrM?i 

HI 

17 

— 

— 

— 

TTT-5 
TTT 6 

1 

1 

1.971 

(0.0776) 

1.971 

(0.0776) 

1 

1 

■ 

1163.9 

(168.8) 

1167.3 

(169.3) 

1079.8 

(156.6) 

1084.6 

(157.3) 

16 

16 

■ 

|HB 

Bjl 

AVG. 

■ 

■ 





Rmsl 

1081.8 ^ 
(156.9) 

16 

— 

— 

— 

TTL-9 

TTL-10 

■a 


6.421 

(0.2528) 

6.408 

(0.2523) 

1 


■ 

1124.6 
(163.1) 

1119.7 
(162.4) 

1069.4 

(155.1) 
1021.8 

(148.2) 

3 

3 

■ 

107.6 

(15.6) 

0.329 

AVG, 








limlBI 

3 

5 

— 

— 

TTT-9 
TTT- 10 

1 

1 


1 


T 

T 

1155.6 

(167.6) 

1129.4 

(163.8) 

1055.6 

(153.1) 
1063.2 

(154.2) 

3 

2 

5 

2 


0.336 

AVG. 

■ 

■ 


■ 

■ 



1059.1 

(153.6) 

2 

3 

— 

— 
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Table 9: LIQUID HYDROGEN TEMPERATURE TENSILE PROPERTIES OF 6M-4V 
TITANIUM ALLOY BASE METAL, STA (COND. Ill, XBMS 7-174B) 



[T>> NOT AVAILABLE, SPECIMEN FAILED OUTSIDE MEASURED TEST SECTION 

[2>> SPECIMEN TTL-11 FAILED IN GRIPS AT TEST SECTION STRESS OF 1407 MN/m^ {204 KSI) 

[J>- SPECIMEN TTT-11 FAILED IN GRIPS AT TEST SECTION STRESS OF 1531 MN/m^ (222 KSI) 
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Table 10: 


ROOM TEMPERATURE TENSILE PROPERTIES OF 2219-T87 ALUMINUM 
WELDMENTS 


SPECIMEN 

NUMBER 

NOMINAL 
THICKNESS, 
mm (INCH) 

MEASURED 
THICKNESS, 
mm (INCH) 

TEST 

ATMOSPHERE 

ULTIMATE 
STRENGTH, 
MN/m2 (KSI) 

INDICATED YIELD 
STRENGTH, 0.2% 
OFFSET IN 50.8 mm 
(2.0 INCHES) 

MN/m2 (KSI) * 

INDICATED YIELD 
STRENGTH, 0.2% 
OFFSET IN 3.18 mm 
(0.125 INCHES) 
MN/m2 (KSI) ** 

INDICATED ELONGATION 
% IN 50.8 mm 
(% IN 2.0 INCHES) 

TAW-1 

TAW-2 

1.60 

(0.063) 

1.62 

(0.0637) 

1.60 

(0.0630) 


263.4 

(38.2) 

257.9 

(37.4) 

177.2 

(25.7) 

172.4 

(25.0) 

92.4 

(13.4) 

104.8 

(15.2) 

2.1 

2.8 

AVG. 

— 

— 

■ 

■ 

260.7 

(37.8) 



2.4 


2.67 

(0.105) 

T5T 
(0.1027) 
2 55 
(0!iOO4) 

1 

1 

266.1 

(38.6) 

268.9 

(39.0) 

183.4 

(26.6) 

205.5 
(29.8) 

102.7 

(14.9) 

2.7 

2.2 


— 




267.5 

(38.8) 

194.5 

(28.2) 

— 

2.4 

TAW-13 
TAW- 14 

7.62 

(0.300) 


1 

1 

a)i.3 

(43.7) 

299.9 

(43.5) 

183.4 
(26.6) 

177.4 
(25.3) 

133.7 

(19.4) 

124.1 

118.0) 

H 

AVG. 

u 

B 

■ 

■ 


178.6 

<25-9> 




OFFSET YIELD STRENGTH OBTAINED BY EXTENSOMETER ON 
50.8 mm |2.0 INCHES) GAGE LENGTH 

**0.2% OFFSET YIELD STRENGTH OBTAINED BY STRAIN GAGE ON 
3.18 mm (0.125 INCH) GAGE LENGTH 
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Table 11: LIQUID NITROGEN TEMPERATURE TENSILE PROPERTIES OF 2219T87 

A L UMINUM WEL DMENTS 


SPECIMEN 

NUMBER 

NOMINAL 
THICKNESS, 
mm (INCH) 

MEASURED 
THICKNESS, 
mm (INCH) 

TEST 

ATMOSPHERE 

ULTIMATE 
STRENGTH, 
MN/m2 (KSI) 

INDICATED YIELD 
STRENGTH, 0.2% 
OFFSET IN 50.8 mm 
(2.0 INCHES) 

MN/m2 (KSI) ' 

INDICATED YIELD 
STRENGTH, 0.2% 
OFFSET IN 3.18 mm 
(0.125 INCH) 

MN/m2 (KSI) " 

INDICATED ELONGATION, 
% IN 50.8 mm 
(% IN 2.0 INCHES) 

TAW^3 

TAW-4 

1.60 

(0.063) 

1.68 

(0.0660) 

1.65 

(0.0651) 

LN2 

@ 

780K 

(-320°F) 

379.9 

(55.1) 
380.6 

(55.2) 

223.4 
(32.4) 

232.4 
(33.7) 

144.1 

(20.9) 

158.6 

(23.0) 

3.8 

3.9 

AVG. 


— 

■ 

■ 

^^0.2 

(55.1) 

227.9 

(33.0) 

151.3 

(21.9) 

3.8 

TAW-9 
TAW- 10 


2.60 

(0.1022) 

2.76 

(0.1088) 

1 

1 

597.5 

(56.2) 

360.6 

(52.3) 

(31.8) 

200.0 

(29.0) 

~m9 — 
(18.7) 
118.6 
(17.2) 

3.8 

3.8 



— 


■ 

ISSI 


wIEiH 

3.8 

TAW- 15 
TAW- 16 

n 

B 

1 

1 

416.5 
(60.4) 

411.6 
(59.7) 

224.8 

(32.6) 

213.1 

(30.9) 

168.2 

(24.4) 
154.4 

(22.4) 

6.5 

7.0 

AVG. 

— 

Bi 

■ 

■ 


■SEh 


6.7 


'0.2% OFFSET YIELD STRENGTH OBTAINED BY EXTENSOMETER ON 
50.8 mm {2.0 INCHES) GAGE LENGTH 

"0.2% OFFSET YIELD STRENGTH OBTAINED BY STRAIN GAGE ON 
3.18 mm (0.125 INCH) GAGE LENGTH 
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Table 12: LIQUID HYDROGEN TEMPERA TURE TENSILE PROPERTIES OF 2219T87 

A L UMINUM WEL DMENTS 


SPECIMEN 

NUMBER 

NOMINAL 
THICKNESS, 
mm (INCH) 

MEASURED 
THICKNESS, 
mm (INCH) 

TEST 

ATMOSPHERE 

ULTIMATE 
STRENGTH, 
MN/m2 (KSI) 

INDICATED YIELD 
STRENGTH, 0.2% 
OFFSET IN 50.8 mm 
(2.0 INCHES) 

MN/m2 (KSI) * 

INDICATED YIELD 
STRENGTH, 0.2% 
OFFSET IN 3.18 mm 
(0.125 INCH) 

MN/m2 (KSI) ** 

INDICATED ELONGATION, 
% IN 50.8 mm 
(% IN 2.0 INCHES) 

TAW-5 

TAW-6 

1.60 

(0.063) 

1.65 

(0.065) 

1.60 

(0.063) 

LH2 

@ 

20°K 

(-423«*F) 

513.0 

(74.4) 
519.9 

(75.4) 

348.9 
(50.6) 

299.9 
(43.5) 

289.6 

(42.0) 
186.9 

(27.1) 

3.5 

3.5 

AVG. 

— 

— 

■ 

■ 

KZSII 

0> 

[r> 

3.5 

TAW-1 1 
TAW-12 

2.67 

(0.105) 

2.57 

(0.101) 

2.54 

(0.100) 

1 

1 

497.1 
(72.1) 
518.5 
- (75.2) 


180.0 

(26.1) 

173.1 

(25.1) 

3.5 

3.5 

AVG. 

— 





295.1 

(42.8) 


3.5 

TAW- 17 
TAW- 18 


7.67 

(0.302) 

7.67 

(0.302) 

1 

1 

490.2 
(71.1) 

468.2 
_L67.9) 

269.6 

(39.1) 

266.8 

(38.7) 

210.3 
(30.5) 

192.4 
(27.9) 

4.0 

4.0 

AVG. 

— 

— 

■ 

■ 

479.2 

(69.5) 

268.2 

(38.9) 


4.0 


*0.2% OFFSET YIELD STRENGTH OBTAINED BY EXTENSOMETER ON 
50.8 mm (2.0 INCHES) GAGE LENGTH 

**0.2% OFFSET YIELD STRENGTH OBTAINED BY STRAIN GAGE ON 
3.18 mm (0.125 INCH) GAGE LENGTH 

[T>* AVERAGE YIELD STRENGTH VALUES NOT COMPUTED BECAUSE YIELD STRENGTH 
VALUES FOR TAW-5 APPEAR UNUSUALLY HIGH 


































Table 13: ROOM TEMPERA TORE TENSILE PROPERTIES OF TITANIUM 6AI-4V 

WELDMENTS 


SPECJMEN 

NUMBER 

NOMINAL 
THICKNESS, 
mm (INCH) 

MEASURED 
THICKNESS, 
mm (INCH) 

TEST 

ATMOSPHERE 

ULTIMATE 
STRENGTH, 
MN/m2 (KSI) 

INDICATED 
YIELD STRENGTH, 
0.2% OFFSET IN 
50.8 mm (2.0 INCHES), 
MN/m2(K$l) * 

INDICATED 
YIELD STRENGTH, 
0.2% OFFSET IN 
3.18 mm (0.125 INCH), 
MN/m^ (KSI) “ 

INDICATED ELONGATION, 
% PER 50.8 mm 
(% PER 2.0 INCH) 



0.52 

(0.0205) 

0.57 

(0.0225) 

AIR 

@ 

295°K 

(72°F| 

lifcMil 



0.3 

0.5 

mm 

■■ 

— 


■ 

1099.1 

1159.4) 

1077.0 

(156.2) 

1019.8 

(147.9) 

0.4 

TTW-5 

TTW-6 

1.78 

(0.070) 

1.81 

(0.0711) 

1.85 

(0.0729) 


1 

1125.3 

(163,2) 

1113.5 

(161.5) 

19 

1034.2 
(150.0) 
1035.6 
(15tL2) 

0.6 

1.4 



— 


■ 

IDEn 


■UauuH 

1.0 

TTW-9 

TTW-10 


5 19 
(0.2042) 
5.37 
(0.21 1 5) 


1 

1103.2 
(160.0) 

1087.3 
(157.7) 

1030.8 

(149.5) 

1034.2 

(150.0) 

969.4 

(140.6) 

953.6 

(138.3) 



AVG 


— 


■ 

1094.9 

(158.8) 

1032.2 

(149.7) 

961.2 

(139.4) 

— 


* 0.2% OFFSET YIELD STRENGTH OBTAINED BY EXTENSOMETER ON 
50.8 mm (2.0 INCHES) GAGE LENGTH 

** 0.2% OFFSET YIELD STRENGTH OBTAINED BY STRAIN GAGE ON 
3.18 mm (0.125 INCH) GAGE LENGTH 
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Table U: LIQUID HYDROGEN TEMPERA TURE TENSILE PROPERTIES OF TITANIUM 

BAF4V WELDMENTS 


SPECIMEN 

NUMBER 



NOMINAL 
THICKNESS 
mm (INCH) 

MEASURED 
THICKNESS, 
mm (INCH) 

TEST 

ATMOSPHERE 

ULTIMATE 
STRENGTH, 
MN/m2 (KSI) 

INDICATED 
YIELD STRENGTH 
0.2% OFFSET IN 
50.8 mm (2.0 INCHES) 
MN/m^ (KSI)’ 

INDICATED 
YIELD STRENGTH, 
0.2% OFFSET IN 
3.18 mm (0.125 INCH) 
MN/m2 (KSI)” 

INDICATED ELONGATION. 
% PER 50.8 mm 
(% PER 2.0 INCH) 

TTW-3 

TTW4 

0.51 

(0.020) 

0.58 

(0.0230) 

0.55 

(0.0215) 

LH2 

@ 

20°k 

(-423°F) 

1947.1 

(282.4) 

1870.0 

(271.2) 

1947.1 

(282.4) 

1870.0 

(271.2) 

1792.7 
(260.0) 

1725.8 
(250.3) 

0.5 

1.0 

AVG 


— 

■ 

■ 

1908.5 

(276.8) 

1908.5 

(276.8) 

1758.9 

(255.1) 

0.7 

TTW-7 

TTW-8 

1.78 

(0.070) 

1.82 

(0.0716) 

1.83 

(0.0720) 

1 

1 

1976.1 
(286.6) 

1927.2 
(279.5) 

1976.1 
(286.6) 

1927.2 
(279.5) 

1825.8 

(264.8) 

1783.7 

(258.7) 

1.5 

1.5 

AVG 


— 

■ 

■ 


1952.0 
(283.1) 


1.5 


m 

5,01 

(0.1974) 

5-00 

(0.1967) 

1 

1 

1837.5 

(266.5) 

1817.5 

(263.6) 

H 

1760.3 

(255.3) 

1710-6 

(248.1) 

1.5 

2.0 

AVG 

jm 


■ 

■ 



■kldUH 

1.7 


* 0.2% OFFSET YIELD STRENGTH OBTAINED BY EXTENSOMETER ON 
50.8 mm (2.0 INCHES) GAGE LENGTH 
** 0.2% OFFSET YIELD STRENGTH OBTAINED BY STRAIN GAGE ON 
3.18 mm (0.125 INCH) GAGE LENGTH 
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Tab!$ }5: STA TIC FRA CTURE TESTS - ROOM TEMPERA TORE 2219- T87 BASEPLA T£^ WT FLA W ORIENTA TtON 


[ SPECIMEN 

TEST 

FRACTURE DATA 





number 

GAGE THICKNESS,! 
mm ( 1 NCH) 

GAGE WIDTH, w 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

ENVIRONMENT 

o 

c 

LU 

DC 

fe 55 

LU 

1 

D 

C 

UJ 

DC 

0. £ 
1 5 

O 5 

</} 

oo 

UJ ^ 
C to 

h- 

in — 

o £ 

o I 

cc 

X 

H CQ 
LU 

cc 

m 

INITIAL FLAW DEPTH, aj 
mm (INCH) 

INITIAL FLAW LENGTH, 
(2c)j mm (INCH) 

INITIAL 
FLAW DEPTH 
GAGE THICKNESS 

INITIAL 

FLAW DEPTH _ ^ 

INITIAL ' 

FLAW LENGTH 

A 

> 

o 

'm 

A 

> 

to 

'b 

to 

^ X 
^ D 12 

< X w 

^ <r toi 
^1^ UJ eo 
2 cc E 

ABM 

1.58 

(0.0622) 

88.96 

(3,5022) 

42° 

ROOM 

AIR 

@ 

295° K 
(72°F) 

392,3 

(56.9) 

344.8 

(50.0) 

— 

0.66 

(0.034) 

IBB 

0.647 

0.212 

a 

1,06 

21.0 

(19.1) 

AB1-2 

1.59 

(0.0625) 

89.05 

(3.5060) 

51° 

357.9 

(51.9) 

■kBBm 

— 

1.19 1 
(0.047) 

llwSiiW 

0.752 

0.159 

- 

0.96 

23,8 

(21.7) 

AB2-1 

3.16 

(0.1244) 

63.47 

(2.4987) 


380.6 ^ 
(55.2) 

380.6 

(55.2) 

— 

1.52 

(0.060) 

8.13 

(0.320) 

0.482 

0.188 

- 

0.99 

27.9 

125.4) 

AB2-2 

3.16 

(0.1245) 

63.50 

(2.5000) 

38° 


339.9 

(49.3) 

259.9 

(37.7) 

— 

2,16 

(0.085) 

14,48 

(0.570) 

0.683 

0.149 

— 

0.89 

30.3 

(27.6) 

AB3-1 

7.63 

(0.3004) 

88.99 

(3.5034) 

51® 


364.1 

(52.8) 

324.1 

(47.0) 

- 

3.45 

(0;136) 

19.05 

(0.750) 

0.453 

0.181 

- 

0.91 

39.8 

136.21- 

AB3-2 

7.65 

(0.3010) 

89.02 

(3.5048) 

53° 


379.2 

(55.0) 

354.4 

(51.4) 

— 

2,87 

(0.113) 

18.80 

(0.740) 

0.375 

0,153 


0,95 

39.2 

(35.7) 



t 

t 


t 


- 1.60 mm (0.063 INCH), oy 

- 3.18 mm (0.125 INCH), oy 

- 7.62 mm (0.300 INCH), cpy 


371 MN/m2 (53.8 KSI) 
383 MN/m^ (55.5 KSI) 
401 MN/m2 (58.1 KSI) 



















TtUt 16: STA TIC FHACTUB£ TESTS - LIQUID HYODOGEN TEMPERA TORE 2219-T87 BASE PLA TE WT FLAW ORIENTA VON 


1 SPECIMEN 

TEST 

FRACTUF 

(E DATA 





NUMBER 

GAGE THICKNESS, t 
mm (INCH) 

GAGE WIDTH, w 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

ENVIRONMENT 

FAILURE STRESS, Oq 
MN/ m2 (KSI) 

Q 

0 

Ui 

i/i 

lU 

CL 

aS 
z * 

Q. E 

0 5 

(/) 

CO 

LU ^ 
OC (/) 

X 

0 E 

ii 

LU 

CL 

CD 

INITIAL FLAW DEPTH, «j 
mm (INCH) 

INITIAL FLAW LENGTH, 
(2c)| mm (INCH) 

INITIAL 
FLAW DEPTH 

GAGE THICKNESS 

INITIAL 
FLAW DEPTH 
INITIAL 
FLAW LENGTH 

A 

>- 

CD 

D 

A 

> 

'b 

D 

^ X 

< I m 

< ^ CN 

lu ro 
Z CT E 

1 

<e'< - 

AB1-3 

1.57 

(0.0620) 

89.00 

(3,5040) 

55° 



400.6 

(58.10) 

— 

0.79 

(0.031) 

4.11 

(0.162) 

0.500 


D 

1.07 

26.6 

(24.2) 

AB1-4 

1*61 

i 0.0633) 

89.06 

(3.5064) 

43° 

LH 2 

470.5 

(68.24) 

— 

465,9 

(67.57) 

1.19 

(0.047) 

7.44 

(0.293) 

0.742 

0.160 

0.98 

0.99 

31.1 

(28.3) 

AB2-3 

3.17 

(0.1248) 

63.53 

(2.5010) 

49° 

@ 

20° K 

488.2 

(70.81) 

413.1 ; 

(59.92) ' 

— 

1.42 

(0.056) 

8.31 

(0.327) 

0.449 

0.171 


1.00 

35.3 

(32.1) 

AB2-4 

3.18 

(0.1252) 

63.56 

(2.5024) 

55° 

(-423®F) 

410.9 

(60.90) 

2Q4.5 

(38.36) 

411.1 

(59.62) 

2.21 

(0.08^ 

14.86 
(0.585) _ 

0.695 

0.14D 

0.84 

0.86 

36.8 

(33.5) 

AB3-3 

7.70 

(0.3030) 

88.98 

(3.5033) 

56° 


451.4 

(65,47) 

415.7 

(60.29) 

— 

3.12 

(0.123) 

18.92 

(0.745) 

0.406 

0.165 

— 

0.90 

47.7 

(43.4) 

AB3-4 

7.63 

10.3004) 

88.98 

(3.5030) 

470 


455.4 

(66.05) 

424.6 

(61.58) 

— 

2.84 

(0.112) 

18.80 

(0.740) 

0.373 

0.151 

— 

0.91 

46.7 

(42.5) 


t = 1.60 mm (0.063 INCH), oy - 475 MN/m^ (6B.9 KSI) 

t " 3.18 mm (0.125 INCH), <JV - 488 MN/m^ (70.7 KSI) 

t - 7.62 mm (0.300 INCH), oy “ 502 MN/m^ (72.8 KSI) 
















Table 17: STA TIC FRACTURE TESTS - ROOM TEMPERA TURE 6AI-4V TITANIUM (STA) BASE PLA TE WT FLAW ORIENTA TION 




t = 0.61mm (0.020 INCHI, Oy = 1065 MN/m^ (154.4 KSIl 
t = 2.03mm (0.080 INCHI.Jy " 1082MN/m2 (156.9 KSt| 
t - 6.35mm (0.250 INCHI, Oy = 1059 MN/m2 (153.6 KSIl 


AT BREAKTHROUGH 
MN/m2/2 (kSiVTn) 























































7>W* m STA m FRACTURE TESTS - LIQUID HYDROGEN TEMPERA TURE SAI^iV TITANIUM (STA) BASEPLA TE 

WT FLAW ORIENTATION 


1 SPECIMEN 

TEST 

FRACTURE DATA j 

NUMBER 

GAGE THICKNESS, t 
mmUNCH) 

GAGE WIDTH, w 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

ENVIRONMENT 

FAILURE STRESS, Oq 
MN/m2 (KSI) 

Q 

to 

lij 

cc 

fee: 
2 ^ 
cs. E 

5 z 

o 5 

BREAKTHROUGH STRESS. 
MN/m2 (KSI) 

«T 

x" 

in 

D 

< § 
E E 

Z E 

INITIAL FLAW LENGTH, 
(2c)i mm (INCH) 

INITIAL 
FLAW DEPTH 

GAGE THICKNESS 

INITIAL 
FLAW DEPTH 

I INITIAL '' 

[flaw length 

A 

> 

to 

to 

A 

o 

^ X 

s“if 

< < CN 
^ LU 

Z £T E 

5“ 1 

E< s 

TB1-3 

0.51 

(0.0200) 

30.42 

(1.1976) 

54° 

LH2 

@ 

20°K 

(•423°F) 

1408.0 

(204.2) 

1246.6 

(180.81 

— 

0.23 

(0.009) 

1.57 

(0,062) 

0.450 

0,145 

— 

0.77 

40.3 

(36.7) 

TB1-4 

0.52 

{0.0203) 

30.35 

(1.1948) 

39° 

1007.4 

(146.1) 

941.9 

(136.6) 

— 

0.33 

(0.013) 

l41 

(0.095) 

0.640 

0.137 

- 

0.55 

34.6 

(30.9) 

TB2-3 

1.97 

(0.0775) 

30.47 

(1.1998) 

40° 

711.6 

(103.2) 

— 

— 

0.86 

(0.034) 

5.53 

(0.218) 

0.439 

0.156 

— 

0.38 

37.5 

(34,1) 

TB2-4 

1.97 

(0,0776) 

30.46 

(1.1991) 

36° 

1 rmm 

500.6 

(72.6) 

463.3 

(67.2) 

489.5 

(71.0) 

t.37 

(0.054) 

9.65 

(0.380) 

0.696 

0.142 

0.26 

1 

0.27 

32.8 

(29.8) 


6.53 

{0.25691 

76.33 

(3.005) 


— 

— 

— 

2.54 

.10.10). 

17.02 
. (0.67) 

— 

— 

1 

^ i 



TB3-4 

6.50 

(0.2560) 

44.70 

(1.760) 

44° 

746.0 

(108.2) 

— 


1.75 

(0.069) 

12.57 

(0.495) 

0.270 

0.139 

j 

0.47 

57.3 

(52.1) 




X “ 0.51mm (0.020 INCH), ffy = 1817 MN/m2 (263.5 KSt) 
t ='2.03mm (0.080 INCH), Oy = 1873 MN/m^ (271.7 KSI) 
t - 6.34mm (0.250 INCH), Cy = Oy - 1587 MN/m^ (230.2 KSI) 



CRIP FAILURE 



Table 13: STATIC FRACTURE TESTS ROOM TEMPERATURE 2219-787 WELDMENT, flBOmm (0.063 INCH) 



D> 


ay - 174.4 MN/m2 (25.3 KSI) 









































TaUa 20: STA TIC FRACTURE TESTS - ROOM TEMPERA TURB 22I9-T87 WELDMENT, t - 2.$7mm (0. 10S INCH) 


1 SPECIMEN 

TEST 

FRACTURE DATA 

NUMBER 

gage THICKNESS,! 
mm 1 INCH) 

GAGE WIDTH, w 
tnm(INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

ENVIRONMENT 

FAILURE STRESS, Oq 
MN/m2 (KSl) 

o 

c 

LU 

oc 

fe rr 

0 52 
z ^ 

Q_ E 

1 z 

D 5 

a 

LU ^ 

S 

5 4 
o| 

OC ^ 
X 

H CQ 

111 

CO 

oa 

INITIAL FLAW DEPTH, aj 
mm (INCH) 

INITIAL FLAW LENGTH, 
I2c)j mm (INCH) 

INITIAL 
FLAW DEPTH 

GAGE THICKNESS 

INITIAL 

fLAWOEPTH _ 

INITIAL *- 

FLAW LENGTH 

A 

>- 

o 

A 

>- 

o 

"b 

Cj 

^ X 
Z D |Z 

? X 

a. i_ w 

& t - 

< 5 
^ m 
Z GC E 
5 “ Z 

SAR 

1-0S-1 

Z75 

{0,1083} 

152.4 

(5.9988) 

57° 

AIR 

295^K 


m 

207.3 

(30,06) 


29.21 

(1.150) 

0.480 


1.07 

1.11 

16.4 

(14.9) 

SAR 

1-05-2 

Z56 

(0.1008) 

Ui 

56° 

Isaral 

57.7 

(8.37) 


2.24 

(0.088) 

d 

0.873 


0.55 

1.00 

10.1 

(9.2) 

L_— 1-.:— 


2.63 

(0.1035) 


33° 

(72 

r 

wsn 

77.1 

(11.18) 

126.2 

(18.30) 

2.16 

(0.085) 

■bliM 

0.821 


0.65 

1.03 

11.9 

(10.8) 


2.76 

(0.1085) 

Btli^ 

38° 


im 

153.2 

(22.22) 

1.85 

(0.073) 

40.13 

(1.580) 

0.673 


0.79 

1.04 

13.6 

(12.4) 

SAR 

1-1-1 

2.68 

(0.1058) 

127.1 

(5.0040} 

38° 

253.9 

(36.B3) 

117,8 

(17.091 

240.2 

(35.70) 

1.40 

(0.055) 

9.14 

10.360) 

0.520 


0.153 

1.27 

1.31 

18.0 

(16.4) 

SAR 

1-1*2 

2.67 

(0.1050} 

127.1 

(5.0038) 

43° 

234.5 

{34.01) 

9G.8 

(14.04) 

208.2 

(30.19) 

1.83 

(0.072) 

12.45 

(0.490) 

0.686 

0.147 

1.07 

1.21 

17.5 

(15.9) 

SAR 

1-1-3 

2.73 

(0.1075) 

127.1 

(5.00401 

67° 

214.0 

(31.04) 

— 

98.7 

(14.31) 

2.57 

(O.tOl) 

16.38 

(0.645) 

0.940 

0.167 

0.51 

1.10 

9.0 

(8.2) 

SAR 

M-4 

2.71 

(0.1065) 

127.1 

(5.0040) 

32° 

221.3 

(32.091 

107.4 

(15.58) 

201.8 

(29.27) 

1.88 

(0.074) 

14.73 

(0,580) 

0.695 

0.128 

1.04 

1.14 

17.6 

(16.0) 

SAR 

1-15 

2.68 

(0.1056) 

127.1 

(5.0050) 

5° 

219.2 

(31.79) 

89.4 

(12.96) 

170.9 

(24.79) 

2.03 

(0.080) 

13.97 

(0.550) 

0.758 

0.145 

0.88 

1.13 

14.8 

(13.5) 

SAR 

1-3-4 

2.72 

(0.1071) 

127.1 

(5.0056) 

60° 

239.3 

(34.70) 

141.5 

(20.52) 

199.3 

(28.91) 

2.13 

(0.084) 

6.99 

(0.275) 

0.784 

0.305 

V03 

1.23 

14.9 

(13.6) 

SAR 

1-3-5 

2.78 

(0.1095) 

127.1 

(5.0045) 

12° 

238.2 

(34.54) 

137.1 

(19,89) 

222.7 

(32.30) 

1.83 

(0.072) 

7.29 

10.287) 

0.658 

0,251 

1.15 

1.22 

16.6 

(15.1) 

SAR 

1-3-6 

2.72 

(0.1070) 

127.2 

(5.0061) 

7° 



233.2 

(33.82) 

95.2 

(13.81) 

189.2 

(27.44) 

2.08 

(0.082) 

7.67 

(0.310) 

0.766 

0.265 

0,97 

1.20 

14.7 

(13.4) 


|T>- tJy = 1 94.4 MN/iti2 {28.2 KSl) 













































Tablt21: 


STA TIC FRACTU8B TESTS - BOOM TEMPERA TUBE 2219 TB7 WELDMENT, t - lB2mm (0.30 INCH) 


1 SPECIMEN 

TEST 

FRACTURE DATA 

NUMBER 

GAGE THICKNESS,! 
mm < INCH) 

GAGE WIDTH, w 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

ENVIRONMENT 

0 

0 

LU 

or 

Ui ^ 

3 B 
5| 

li- 5 

a 

0 

{/> 

t/i 

ui 

o: 

Q- E 

IS 
0 5 

BREAKTHROUGH STRESS, 
®B MN/m2 (KSI) 

initial FlAW DEPTH, 8j 
mm (INCH) 

INITIAL FLAW LENGTH, 
(2c)j mm (INCH) 

INITIAL 
FLAW DEPTH 

GAGE THICKNESS 

INITIAL 
FLAW DEPTH 

INITIAL ' 

FLAW LENGTH 

A 

> 

0 

A 

> 

"b 

0 

IRWm'S APPARENT K 
AT BREAKTHROUGH 

SAR 

3-1-1 

7.64 

(0.3010) 

228.6 

(9.000) 


AIR 

@ 

295OK 

217.6 

(31.56) 

102.3 

(14.84) 

208.7 

(30.27) 

3,43 

(0.135) 

24.30 

(0.96) 

0.449 

0.141 

1.17 

1.22 


SAR 

3-1*2 

mam 

■kliaiJI 

54° 


■UsSUI 

mmm 

BaaBEM 

4.95 

(0.195) 

34.80 

(1.37) 

0.643 

0.142 

1,08 

1.17 

26.9 1 

. _124.5)_ _ 1 

SAR 

3-1*3 


193.8 

(9.0721) 

42° 

(72 

°F) 

204.1 

(29.60) 

80.2 

(11.63) 

162.9 

(23.63) 

6.22 

(0.245) 

42.67 

(1.68) 


0.146 

0.91 

1.14 

n 

SAR 

3-14 

7 69 
(o!2990) 

228.6 

(9.000) 

43° 



191.4 

(27.76) 

83.0 

(12.04) 

134.5 

(19.51) 

6.78 

(0,267) 

45.97 

(1.81) 

0.893 

0.148 

0.75 

1.07 

20.9 

(19.0) 

SAR 

3*3*1 

7.57 

{0.2980) 

127,1 

(5.0042) 

HQIII 



225.2 

132.66) 

106.5 

(15.45) 

— 

3.63 

10.143) 

12.45 

(0.490) 

0,480 

0.292 

B 

1.26 

22,4 

(20.4) 

SAR 

3-3*2 

7.65 

(0.3010) 

127.1 

(5.0050) 

mi 



213.7 

(31.00) 

97.8 

(14.18) 

203.2 

(29.47) 

5.08 

(0.200) 

17.40 

(0.685) 

0.664 

0.292 

— 

1.14 

1.20 


SAR 

3-3-3 

7.68 

(0.3025) 

127.1 

(5.0034) 

56° 



198.6 

(28.81) 

108.6 

(15.75) 

173.1 

(25.11) 

6.22 

(0.245) 

22.73 

(0.895) 

0.810 

0.274 

0.97 

1.11 

23.0 1 

(20.9) 1 

■SI 

7.65 

(0.3010) 

88.89 

(3.4998) 





IH 

— 

3.56 

(0.140) 



0.459 

- 

1.25 

HE&B 

■R^B 

SAR 

352 

7.65 

(0.3011) 

88.97 

(3,5028) 

44° 




19 

— 

4.83 

(0.190) 

10,85 

(0.427) 

0.631 

0.445 

— 

1,24 

21.3 

(19.4) 

SAR 

3-5*3 

7.73 

(0.3042) 

88.93 

(3.5010) 

31° 



WSBM 

m 


6.10 

(0.240) 


0.790 

0,449 

1.08 

1.15 

20.8 

118.9) 

SAR 
3- 5-4 

7.65 

(0.3010) 

88.94 

(3.5017) 

20° 



185.1 

(26.85) 

87.9 

(12.75) 

151.8 

(22.01) 

6.60 

(0.260) 

W 

0.864 

0.448 

0.85 

1.04 

16.7 

(15.2) 

SAR 

3-5*5 

7.58 

(0.2986) 

88.94 

(3.5014) 


1 

r 

195.9 

(28.41) 

104.2 

(15.11) 

153.0 

(22.19) 

6,78 

(0.267) 

|QI|M 

0.894 

0.449 

0.86 

1,10 

17.1 

(15.6) 


E> «7y = 178.6 MN/m^ 125.9 KSI) 









































































































Tabte22., STATIC FRACTURE TESTS l-fOUID NfTROGEIV TEMPERATURE 2213-T87 WELDMENT, J.BOmm (0.063 INCH) 





STATIC FRACTURE TESTS ^ LIQUID NITROGEN TEMPERATURE 2213-T87 WELDMENT . t’ 2.67 mm (O.fOS INCH) 



SPEGME 

N 

TE 

ST 


FRACTURE DATA | 

NUMBER 

GAGE THICKNESS, t 
mm (INCH) 

GAGE WIDTH, w 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

ENVIRONMENT 

c? 

c 

S 

lit 

CL 

H ^ 

UJ ^ 

cr. ^ 

51 

a 

0 

lU 

GC 

K 

to cr 

z 5 

Q. £ 
1 Z 
0 5 

BREAKTHROUGH STRESS, 
MN/m2 (KSI) 

INITIAL FLAW DEPTH, »j 
mm (INCH) 

INITIAL FLAW LENGTH, 
(2c)j mm (INCH) 

INITIAL 

FLAW DEPTH , 

GAGE THICKNESS 

INITIAL 
FLAW DEPTH 

INITIAL ' ’ * 

FLAW LENGTH 

A 

>• 

0 

0 

A 

>- 

0 

& 

^ X 

H 0 ^ 

< X w 

g: K ^ 

< <N 
m 

2 OC £ 

s: “ z 

SAN 

t-05-1 



46° 

LN 2 

78°K 

f-320°FI 

255.5 

(37.05) 

138.1 

(20.03) 


1.35 

(0.053) 

29.97 

(1.180) 

0,501 


1.14 

1.22 

19,0 
M7 31 

SAN 

105-2 

2.75 

(0.1081) 

228.7 

(9.004) 

54° 


45,4 

(6.58) 

mw 

WHEW 





0.59 

1.13 

|RQ|H 

SAN 

1-05-3 

2.66 

(0.10481 

241.4 

(9.505) 

35° 

228.4 

(33.13) 

67.2 

(9.74) 

141,9 

(20.58) 


48.26 

(1.900) 


0.047 

0.62 

IQ 


SAN 

1-05-4 

2.74 

(0.1080) 

228.7 

(9.002) 

35° 



274.5 

(39.81) 

107.1 

(15.53) 


1.83 

(0.072) 

36.83 

(1.450) 

0.667 

0.050 

0.03 

mi 

16.9" 

(15.4) 

SAN 

1-M 

2.72 

(0.1069) 

127.1 

(5.0030) 

56° 

300.4 

(43.57) 

156.0 

(22.631 

265.5 

(38.51) 

1.37 

(0.054) 

9.02 

(0.355) 

0.505 

0.152 

1.27 

1.43 

19.2 
(17 5) 

SAN 

. .VV2 

2.69 

(0.1060) 

127.1 

(5.0043) 

48° 

295.1 

(42.80) 

120.9 

(17.53) 

232.0 

(33.65) 

1.85 

(0.073) 

12.57 

10.495) 

0.689 

0.147 

1.11 

1.41 

19.7 

(17.9) 

SAN 

M-3 

2,78 

10.1093) 

127.1 

(5.0042) 

42° 

280.8 

(40.731 

86.3 

(12.52) 

i89.1 

(27.42) 

2.21 

(0.087) 

15.75 

(0.620) 

0.796 

0.140 

0.90 

t.34 

17.3 

(15.7) 

SAN 

M-4 

2.78 

(0,1096) 

127,1 

(5.0052) 

42° 

280.9 

(40.74) 

68.5 

(9.93) 

198.0 

(28.71) 

2.06 

(0.081) 

13.72 

(0.540) 

0.739 

0.150 

0.94 

1.34 

17,4 

(15.8) 

SAN 

M-5 

2.73 

(0.1075) 

127.2 

(5.0065) 

47<^ 

280.6 

(40.69) 

103.1 
. (14.96) 

202.4 

(29.36) 

2.13 

10.084} 

14.22 

(0.560) 

0.781 

0.150 

0.97 

1.34 

18.2 

(16.6) 

SAN 

t-3-1 

2.43 

(0.0955) 

89.10 

(3.5080) 

35° 

296.4 

(42.99) 

n59.5 
! (23.13) 

277.9 

(40.30) 

1.35 

(0.053) 

4.70 

(0,185) 

0.555 

0.286 

1.33 

1.41 

17.0 

(15.5) 

SAN 

1-3-2 

2.45 

(0.0965) 

89.04 

(3.5055) 

470 

277.2 

(40.20) 

1 131.1 

(19.01) 

244.6 

(35.47) 

1.63 

(0.064) 

5.97 

(0.235) 

0.663 

0.272 

U7 

1.32 

16,7 

(15.2) 

SAN 

V3-3 

2.50 

(0.0985) 

89.09 

(3.5075) 

73° 

273.4 

(39.65) 

— 

167.6{EST 

(24,31) 

2.24 

(0.088) 

8,13 

(0.320) 

0.893 

0.27 5 

0 30 

1.30 

13.0 

(11.8) 

SAN 

1-3-4 

2.63 

■ (0.1052) 

125.1 

(5,0050) 

43° 

297.9 

(43.21) 

116,5 

(16.90) 

216.1 

(31.34) 

2.10 

(0.084) 

7.25 

(0.290) 

0.798 

0.290 

1,03 

1,42 

16.6 

(15,1) 

SAN 

13.5 

i 2.69 
' (0.1076) 

125.2 

(5.0061) 

42° 

315.2 

(45.71) 

119.8 

(17.37} 

243.4 

(35.30) 

2.13 

(0.085) 

7.48 

(0,299) 

0.791 

0.284 

1.16 

1.50 

18.9 

(17.2> 

SAN 
13 6 

2.65 

(0.1043) 

127.2 

(5.0072) 

17° 


316.8 

(45.95) 

149.2 

(21.64) 

204.6 

(29.68) 

2.16 

(0.085) 

7,92 

(0.312) 

0.815 

0.272 

0.98 

1.51 

16.0 

(14.6) 


[T^Cy = 209.6 MN/m^ (30.4 KSI) 


































taUe 24; STA TIC FRACTURE TESTS - LIQUID NITROGEN TEMPERA TORE 2219 T87 WELDMENT^ t - 7.S2 mm (0.30 ln.i 


1 SPECIMEN 

TEST 

FRACTURE DATA 




number 

GAGE THICKNESS,! 
mm (INCH) 

GAGE WIDTH, w 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROI^t 
CRACK TIP 

ENVIRONMENT 

c:? 

0 

t/y 

(/} 

ill 

cc 

fe 3 

lU ^ 

Q 

0 

c/J 

(/j 

UJ 

cc. 

0. E 

15 
0 5 

f/j 

00 

LU 

pc c/] 

te 

o"\ 

B| 

q: ^ 
X 

H OQ 

lU 

QC 

CD 

initial flaw depth, 3j 

mm (INCH) 

INITIAL FLAW LENGTH, 
(2c)j mm (INCH) 

INITIAL 

FLAW DEPTH ,,/.i 

GAGE THICKNESS 

INITIAL 
FLAW DEPTH, ^ 

INITIAL ' 

FLAW LENGTH 


A 

'0 

0 

^ X 
2 ^ |Z 

if ^ 

^ in n 
2 tr E 

1 

SAN 

3-M 

7.57 

(0,2980) 

228.9 

(9.010) 



■ 

m^sxM 

96.3 

(13.97) 

— 

3.81 

(0.150) 

24.38 

(0.960) 

0.503 

0.156 


0.98 

25.7 

(23.4) 

SAN 

3-1-2 

7,63 

(0.3002) 

228.7 

(9.005) 

— 

Ln2 

@ 


83.2 

(12.06) 

■ynj 

5.59 

(0.220) 

34.80 

(1.37) 

0,733 

0.161 

0.79 

0.90 

H 

SAN 

3-1-3 

D3SH 

mKniEw 


49° 

78°K 

(-320°F) 

■SEBI 


^*L»M 

IQQI 

luESSI 


0.862 

0.155 

0.65 

0.85 

23.0 

(?0-9| 

SAN 
3- 1-4 


228.6 

(9.000) 

mm 



WBBSM 



5.36 

(0.211) 


0.703 

0.145 


0.99 

28.9 

(26.3) 

SAN 

3-1-5 

7.62 

10.3000) 

228.7 

(9.004) 




247.3 

(35.87) 

212.9 

(30.88) 

— 

3.73 

(0.147) 

ibjm 

0.490 

0.148 

a 

1.13 

29.7 

(27,0) 

SAN 

3'2-1 

liiCiijcEiB 

nom 

49° 




WSEStli 


mamM 

IRI 

0.653 

0.222 

0,98 

1.02 


SAN 
3-2 2 

8,97 

(0,35301 

■QQH 

IHbIkBm 

35° 



■mi 

mSBBM 


6.10 

(0.240) 

26.92 

(1,060) 

0.680 

0.226 

0.91 

0.98 

I^QH 

■^EIH 

SAN 

3-3-1 

7.62 

(0.3000) 

■MIJI 

46° 



■kHEwm 

142.2 

(20.63) 


3.81 

(0.150) 

WMjM 

0.500 

0.300 

B 

1.13 

mm 

SAN 

3-3-2 

7.75 

(0.3053) 

WEBM 

44° 



231.6 

(33.59) 

112.0 

(16.24) 

— 

5.08 

(0.200) 

IHiwSm 

0.655 

0.292 

Bi 

1.06 


SAN 

3-3-3 

7.54 

(0.2968) 

127.1 

(5.0030) 

26° 



213.1 

(30.91) 

114.4 

(16.59) 

182.9 

(26.53) 

6.48 

(0.265) 

WjMQ 

0.859 

0,285 

0,84 

0.98 

|TCmH: 

■3E!H 

SAN 

3-3-4 

IHI 


44° 



n 

■HQ 

209.5 

(30.38) 

5.84 

(0.230) 

20.57 

(0.810) 

0.760 

0,284 

0.96 

1.05 

26,6 1 
(24.2) 1 

SAN 

3-5-1 

leluQul 

88.87 

(3.4990) 


■ 


■kSIShI 

■0291 

IRoEEl 

1^1 

luIESI 



0.454 


1.20 

nEtni 

SAN 

3-5-2 

7.66 

(0.3017) 

88.89 

(3.4996) 

1^9 

■ 



■HQ 

IBI 

■IQI 



0.451 

— 

U2 

mBSM 

SAN 

3-5-3 

7.64 

(0.3008) 

88.96 

(3.5022) 

23° 




■Bam 

MKiWfm 

216.0 

(31.32) 



0.831 

0.442 

0.99 

1,04 

23.8 

(21.7) 

SAN 

3-5-4 


88.96 

(3.5025) 

150 

1 

f 


imm 

189,3 

(27.45) 

6.68 

(0.263) 

14.73 

(0.580) 

0.878 

0.453 

0.87 

0.97 

20.9 

(19.0) 


[p>ay = 218.6 MN/m^ (31.7 KSI) 
























































































Tat^» 29: 


STA TIC FRACTURE TESTS - LIQUID NITROGEN TEMPERA TURE 2219- T87 WEL DMENT 1.60 mm (0.063 In.) 


1 SPECIMEN 

TEST 

FRACTUP 

.E DATA 





NUMBER 

GAGE THICKNESS,! 
mm (INCH) 

GAGE WIDTH, w 
mm (INCH) 

DIMPLING GAGE 
LOCATION from 
CRACK TIP 

ENVIRONMENT 

0 

0 

ui 

tn 

ui 

cc ^ 

to 

\JJ ^ 

n 

< 1 
LI. S 

0 

D 

iO 

to 

LU 

0 . E 

IS 

Q 2 

BREAKTHROUGH STRESS, 
MN/m2(KSI) 

INITIAL FLAW DEPTH, aj 
mm (INCH) 

INITIAL FLAW LENGTH, 
(2c)j mm (INCH) 

INITIAL 
FLAW DEPTH 

GAGE THICKNESS 

INITIAL 
FLAW DEPTH 

INITIAL ' 

FLAW LENGTH 

A 

>- 

0 

"5a 

0 

A 

>- 

c> 

'o 

D 

^ X 
1 “ CJ 
2 3 12 

5 oc ^ 

< X CO 

|£ - 
ZEE 
5“ 1 

SAH 

6-05^1 

1.65 

10.0649) 

88.88 

(3.4992) 

46° 

ra 



■Enn 

0.89 

(0,035) 


0.539 

0.056 

0.88 

0.89 


SAH 

6-05-2 

1.57 

(0.0620) 

127.0 

(4.9982) 

48° 

H 

256.4 

(37.19) 

141.3 

120.49) 

209.1 

(30.33) 

1,09 

10.043) 


0.694 

0.048 

0.70 

0.85 

■lOiH 

SAH 

6^05^3 

1.65 

(0,0650) 

152.1 

(5.9890) 

77^ 


r 

257.7 

(37.37) 

— 


1.32 

(0.052) 


0.800 

0.060 

0.56 

1 

0,86 

12.2 

(11.11 

SAH 

6-05-4 

1.64 

(0.0645) 

88.88 

(3.4992) 

13° 

295.6 

(42.87) 

201.6 

(29.24) 

— 

0.38 

(0.015) 

10.16- 

(0.400) 

0.233 

0.038 


0.99 

12.5 

(11.4) 

SAH 

6-11 

1.61 

(0.0634) 

88.79 

(3.4958) 

54° 

273.0 

(39.60) 

160.9 ^ 
(23.33) 

253.6 

(36.78) 

0.79 

(0.031) 

5.46 

(0.215) 

0.489 

0.144 

0.85 

0.91 

13.6 

(12.4) 

SAH 

6-1-2 

1.54 1 

(0.0608) 

89.07 

(3.506B) 

770 

284.6 

(41.28) 

— 

189.2 

(27,44) 

1.50 

(0.059) 

7.49 

(0.295) 

0.970 

0.200 

0.63 

0.95 

12,9 

(11.7) 

SAH 

frl-3 

1.56 

(0.0614) 

89.05 

(3,5060) 

85° 

263.4 

138.20) 

— 

185.6 

(26.94) 

1.37 

10.054) 

9.65 

(0.380) 

0.879 

0.142 

0.62 

0.88 

12,7 

(11.6) 

SAH 

6-1-4 

1.61 

(0.0632) 

88.91 

(3.5002) 

31° 

275.9 

(40,01) 

166.8 

(24.19) 

224.4 

(32,55) 

1,14 

(0.045) 

7.11 

(0.280) 

0.712 

0.161 

0,75 ' 

0.92 

14.1 

(12.8) 

SAH 

6-3-1 

1.59 

(0.0626) 

89.03 

(3.5050) 

47° 


319.0 

(46.26) 

179.1 

(25.98) 

308.0 

(44.67) 

0.71 

(0.028) 

2.67 

(0,105) 

0.447 

0,267 

L03 

1.06 

14.1 

(12.8) 

SAH 
6 3-2 

1.60 

(0.0630) 

89.06 

(3.5063) 

45° 


263.4 

(38.93) 

193,5 

(28.07) 

252.8 

(36.67) 

1.07 

(0.042) 

3.76 

(0.148) 

0.667 

0,284 

0.84 

0.89 

13.5 

(12.3) 

SAH 

6-3-3 

1.57 

10.06201 

89.00 

(3.5040) 

68° 

1 

250,0 

(36.26) 

128.6 

(18.65) 

201.6(EST 

(29.24) 

' 1.47 
(0.058) 

4.88 

(0.192) 

0.935 

0.302 

0.67 

0.83 

12.2 

(11.1) 


[i> Oy « 299.9 MN/m^ (43.5 KSII 





























Tab(92S: STAVC FRACTURE TBSTS - UQUiQ NiTROQEfH TEMPERATURE 221$ T87 WELDMENT 2.67 mm (0.105 h,} 


SPECIMEN 


FRACTURE DATA 


2.66 

(0.1048) 

2.65 

(0.1044) 

2.62 

(0.1030) 

2.74 


i0.1079) (5.0047) 


2.69 

(0.1058) 

2.63 

(0.1035) 

2.57 

( 0.1010) 

2.79 
(0.1098) 

2!51 

(0.0990) 

2.55 

(0.1005) 

2.62 

( 0.1030) 

2.62 

( 0.1033) 

2.80 

( 0 . 1102 ) 


127.1 

(5.0040) 

127.1 

(5.0044) 

127.1 

(5.0020) 

127.0 
(4.9994) 

89.00 
(3.5040) 
89.08 
(3.5072) 
89.05 
(3.5058) 

127.1 

(5.0041) 
127.1 
(5.005Q) 


C3 O 
<01 

z9»“ 

Ij 

a ;<0 

5 O < 

loo: 

Q ^ U 


A 


152.3 
(5.9965) 

228.7 

(9.005) 

241.4 
(9.505) 

127.1 


20^K 

(^23®F) 


< i 

u. 2 

0- E 

IS 

O S 

LU 

CT 

CO 

INITIAL 
mm (1^ 

INITlAl 

{2cl 

250.7 

193.7 

221.7 

1.52 

28.70 

(36.36) 

(28.09) 

(32.15) 

(0.060) 

(1.130) 

234.0 

(33.94) 

— 

216.4 

(31.38) 

1.70 

(0.067) 

37.85 

(1.490) 

231.3 

102.5 

172.6 

2.13 

46.99 

(33,55) 

(14.86) 

(25.03) 

(0.084) 

(1.850) 

261.7 

^ 186.4 

255.4 

1,17 

22.35 

(37.96) 

(27.04) 

(37.04) 

(0.046) 

(0.880) 

312.6 

173.2 

295,7 

1.40 

9.32 

(45.33) 

(25.12) 

(42.881 

(0.055) 

(0.367) 

280.8 

153.1 

250.2 

1,85 

12.57 

(40,73) 

(22.20) 

(36.29) 

(0.073) 

(0.495) 

270.9 

117.4 

188.4 

2,29 

16.13 

(39.29) 

(17.02) 

(27.32) 

10.090) 

(0.6351 

283.9 

161.4 

245.0 

1,60 

10.54 

(41.17) 

(23.41) 

(35,531 

(0.063) 

(0.415) 

29“5.2 

199.1 

287.2 

1.45 

4.83 

(42.81) 

(28.88) 

(41.651 

(0.057) 

(0.190) 

255.3 

151,6 

240.6 

1.75 

6.12 

(37.02) 

(21.99) 

(34,89) 

(0.069) 

(0.241) 

282.6 

161.3 

236.8 

2,18 

7.87 

(40.99) 

(23.40) 

(34.34) 

(0.086) 

(0.310) 

324.1 

126.7 

300.1 

1.75 

5.84 

(47.01) 

(18.38) 

(43.53) 

(0.069) 

(0.230) 

273.7 

123.1 

230.0 

2.18 

7.67 

(39.70) 

(17.86) 

' (33.36) 

(0.086) 

(0.302) 


|-> X 


X f 

-Q 

1 5 c> 


0.573 

0.053 

0.75 

0.85 

0.642 

0.045 

0.73 

0.79 

0.816 

0,045 

0.58 

0.78 

0.426 

0,052 

0.87 

0.89 

0.520 

0.150 

1.00 

1.06 

0.705 

0.147 

0.85 

0.95 

0,891 

0.142 

0.64 

0.92 

0.574 

0.152 

0.83 

0,96 

0.576 

0.300 

0.07 

1.00 

0.687 

0.286 

0.82 

0.86 

0.835 

0.277 

O.bO 

0.96 

0.668 

0.300 

1.02 

1.10 

0.780 

0.285 

0.78 

0.93 


D> Oy “ 295.1 MN/m^ (42.8 KSI) 


LOADS ESTIMATED, CRYOSTAT INTERFERED WITH LOADING 



Table 27: 


STA TIC FRACTURE TESTS - LIQUID HYDROGEN TEMPERATURE 2219-T87 WELDMENT, t - 7.62 mm (C.30 In.) 


SPECIMEN 

TEST 

FRACTURE DATA | 

number 

GAGE THICKNESS, t 
mm (INCH) 

GAGE WIDTH, w 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

ENVIRONMENT 

0 

0 

W 

LO 

ui 

q: 

t> (75 

Hi ^ 

< i 

u. S 

0 

0 

lU 

flC 

z § 

Q. E 
? z 
0 5 

BREAKTHROUGH STRESS, 
MN/tn2(KSI) 

INITIAL FLAW DEPTH, 8j 
mm (INCH) 

INITIAL FLAW LENGTH, 
(2c)j mm (INCH) 

I INITIAL 

1 FLAW DEPTH . 

GAGE THICKNESS 

INITIAL 
FLAW DEPTH 

INITIAL ' 

FLAW LENGTH 

A 

> 

D 

OD 

D 

A 

> 

0 

"b 

Z D |Z 

< ^ 5 
^ LU n 

2 IE E 

5 “ 1 

CC ^ 5 

SAH 

3-M 

7.58 

(0.2985) 

228.7 

(9.005) 

46° 

LH2 

@ 

20 ^K 

M 

166.0 

(24.07) 

248.8 

(36.09) 

3,63 

(0.143) 

24.89 

(0.980) 

0.479 

0.146 

0:93 

0.93 

BBDB 

BkhBB 

SAH 

3-12 

7.66 
(0.301 5) 

228.7 

(9.004) 

430 


117.1 

(16.99) 

207.2 

(30.05) 



0.697 

0.154 

0.77 

0.80 

IBI 

SAH 

3-1-3 

7.66 

(0.3015) 

1 

48° 


J ri 

r 

189.2 

(27.44) 

82.3 

(11.93) 

142.2 

(20.63) 



0,872 

0.156 

0.53 

0.71 

BU 

SAH 

3-3-2 

7.64 

(0.3008) 


34° 

1^ 

m 

— 


12,95 

(0,510) 

0.339 

0.200 

D 

1.01 


SAH 
3-3-1 

ipm 

127.1 

(5.0020) 

470 

m 

bbi 

leUdfl 

m 

3.68 

10.145) 

12.70 

(0.500) 

0.484 

0.290 

0.94 

0.96 


SAH 

3-3-3 


127.1 

(5.0039) 

36° 

209.3 

(30.35) 

127.1 

(18.43) 

205,6 

(29.82) 

6.43 

(0.253) 

22.48 

(0.885) 

0.848 

0.286 

0.77 

0.78 

jjjjjRBB 

BffWB 

SAH 

3-3-4 

7.59 

(0.2990) 

89.0 

(3.5023) 

49° 

220.6 

(31.99) 

185.7 

(26.93) 

217.3 

(31.51) 

5,08 

(0,200) 

17.40 

(0.685) 

0,669 

0.292 

0.81 

0.82 

24.9 

(22.7) 

SAH 
33 5 

7.64 

(0.3008) 

88.9 

(3.5022) 

450 

B 


— 

4.06 

(0.160) 

14.61 

(0.575) 

0.532 

0.278 

B 

0.89 

^^BB 

BBBB 

SAH 
3-5- 1 


88.92 

(3.5008) 

42° 


205.3 

(29.77) 

— 

3.56 

(0.140) 

7.82 

(0.308) 

0.466 

0.455 

B 

1.02 

meswam 

■wiBB 

SAH 

3-5^2 

7.63 

(0.3004) 

88.91 

(3.5002) 

48° 

245.9 

(35.66) 

169.2 

(24.54) 

242.6 

(35.19) 

4,70 

(0.185) 

10.92 

(0.430) 



0.90 

0.92 

metm 

■BfiiB 

SAH 

3-5-3 

7,67 

(0,3020) 

68.90 

(3.5000) 

30° 

■E3E3 

155.3 

(22.52) 

208.7 

(30.27) 

6.43 

(0.253) 

14.22 

(0.560) 

0.833 


0.78 

0.83 

22.4 

(20,4) 


D> Oy » 268.2 MN/m^ (38.9 KSI 




















































































Tablt 28: 


STA TIC FRACTURE TESTS - ROOM TEMPERA TORE 6AMV TITANIUM WELDMENT. 0.51 mm (0.020 In.) 


r ™ 

SreCfMEN 

TEST 

FRACTURE DATA ^ 

NUMBER 

w 

c/> 

lU 

u _ 

± o 
[;;? 

< p 

0 E 

$ 

1“ 

9x 

LU — 

C5'T 

< 1 
0 E 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

tu 

5 

Z 

0 

E 

> 

z 

LU 

Cl 

0 

</) 

<n 

UJ 

tc 

S to 

LU ^ 

3e 
< 2 
.^5 

a 

0 

LU 

CE 

ferr 

z i 

Q- E 
0 ^ 

— 

to 

if) 

UJ ^ 

X W 
0 E 
D 2 

oc ^ 

X 

1— OQ 

UJ 

X 

00 

x“ 

LU 

0 

$ 

“•5 
< § 
t E 

E ^ 

INITIAL FLAW LENGTH, 
(2c)j mm (INCH) 

-t 

X 

<s 

lU 

> 

U) 

to 

UJ 

z 

a 

X 

1- 

lu 

a 

< 

iD 

T 

c> 

n 

J 

.J 

LL 

> 

1 

X 

1— 

C3 

<5 

.J 

li. 

1 

A 

0 

^ X 

H 0 ^ 

ill 

|e2 

^ 

LU 

z cr E 

E< s 

ii 

Z ^ 

1“ ^ ^ 
< 3 ^ 

Z- 1 

o<t z 

klLL S 

STR 
2-05- 1 

0 55 
(0.021 5> 

30.54 

(1.2025) 

55" 

AIR 

IBI 

630.9 

(91.5) 

Hi 

0.2B 
(0.01 1 ) 

4.06 

(0.160) 

0.512 

0.069 

B 

0.97 

■EilBB 

— 

STR 

2-05-2 


30.46 

(1.1992) 

HI 

295"K 




0.41 

(0.016J 

5.84 

(0,230) 

0.696 

0.070 

0.79 

0.90 

■BBB 

— 

STR 

2-05-3 

0,54 

(0.0213) 

30.50 

(1.2008) 

35° 

(72 

°F) 

764.7 

(110.9) 

368.9 

153,5) 

600.6 

(87.1) 

0.43 

(0.017) 

7.37 

(0.290) 

0.798 


0.59 

0.75 

24,8 

(22.6) 


STR 

2-M 

0,54 

(0.02121 

30.47 

(1.1998) 

60" 


KIICH 

BBHBm 



i|H3B 


0.194 

0.97 

0.99 

33.5 

(30.5) 

— 

STR 

2-1-2 

0.52 

(0.0204) 

30.47 

(1.1998) 

70" 

1012.9 

(146.9) 

— 

900.5 

(130.6) 

0.41 

(0.016) 

2.34 

(0.092) 

0.784 

0.174 

0.88 

0.99 

33.8 

(30,8) 

— 

STR 
2- 1-3 

0.49 

(0.0192) 

30.46 

(1.1996) 


944.6 

(137.0) 

— 

877.7 

(127,3) 

0.41 

(0.016) 

3.05 

(0.120) 

0.833 

0.133 

0.86 

0.93 

34,4 

(31,3) 

— 

STR 

2-31 

0.49 

(0.0192) 

30.51 

(1.2013) 

24“ 

1074.2 

(155.8) 

8^7" 

(128.6) 

— 

0,20 

(0.008) 

0J6 

(0.030) 

0.417 

0.267 

- 

1.05 

26.2 

(23,8) 

— 

STR 

2-3-2 

0.53 

(0.0208) 

30.44 

(1.1985) 

0° 

1006.7 

(146.0) 

840.5 

(121.9) 

966.7 

(140.2) 

0.33 

(0.013) 

1.22 

(0.048) 

0.625 

0.271 

0.95 

0.99 

29.6 

(26.9) 

— 

STR 

2-3-3 

0,56 

(0.0219) 

30,58 

(1.2038) 

83" 

1057.7 

(153.4) 

— 

1031.5 

(149.6) 

0.48 

(0.019) 

1.40 

(0.055) 

0.B68 

0.345 

1,01 

1.04 

35.2 

(32.0) 

— 

STR 
2 3-4 

0.56 

(0.0222) 

30.42 

(1.1978) 

— 

977,0 

(141.7) 

E> 

937.7 

(136,0) 

0.46 

(0.018) 

1.37 

(0.054) 

0.811 

0.333 

0.92 

0.96 

31.2 

(28,4) 

_ 

STR 

2-5-1 

0.55 

(0.0215) 

30,52 

(1.2015) 

41° 

1117.0 

(162.0) 

^ 974 J” 

(141.3) 

— 

0.25 

(0.010) 

0.58 

10.023) 

0.465 

0,435 

- 

1,10 

24.8 

(22.6) 

— 

STR 

2-5-2 

0.50 

' (0,0198) 

30.48 

(1.2000) 

70° 

1115.6 

(161,8) 

932.9 

(135.3) 

1089.4 

(158.0) 

0.38 

(0.015) 

0.81 

(0.032) 

0.757 

0.469 

1.07 

1.09 

28.6 

(26.0) 

— 

STR 

2-5-3 

0.55 

(0.0215) 

30.48 

(1.2001) 

78° 

1035.6 

Jj502^ 

915.7 

(132.8) 


0.43 

(0.017) 

0.99 

(0.039) 

0.791 

0.436 

— 

1.02 

30.0 

(27.3) 



= 1020 MN/m^ (147.9 KSI) NOT INSTRUMENTED FOR DIMPLING 






























TiM$ 29: STATIC FRACTURE TESTS ROOM TEMPERATURE 6AI-4V TITANIUM WELDMENT, 1.78mm (0.070 INCH) 



SPECIMEN 

TE 

ST 

FRACTURE DATA | 

NUMBER 

LU 

2 

O _ 

n 

UJ = 

< i 

<3 E 

►- 

9i 

^ 2 
UJ =: 

O'T 

< 5 

O £ 

DIMPLING GAGE 
LOCATION from 
CRACK TIP 

UJ 

S 

2 

O 

X 

> 

2 

LiJ 

o 

o 

UJ 

a: 

te S 

LU y 

-j j| 

< ? 
u. 2 

Q 

0 

Ui 

lU 

dC 

J— 

CD ~ 
tn W 

zil 

Q. £ 

1 2 

D 5 

BREAKTHROUGH STRESS, 
MN/m2 (KSI) 

aT 

X 

LU 

o 

< 3 

b E 
2 E 

x" 

1— 

iD X 
2 O 

LU 2 
_J — 

g £ 

u. 

< ^ 

h- 

2 

— 

X 

<o 

tg 

z< 

— .J 

u. 

1 

8 

UJ 

2 

U 

X 

1- 

LU 

o 

< 

O 

INITIAL 
FLAW DEPTH 

INITIAL ' 

FLAW LENGTH 

A 

> 

ID 

"oi 

D 

A 

> 

D 

"a 

o 

^ X 

< I w 

^ OJ 

UJ 

Z X E 
5“ 2 
E < 2 

< D ^ 

zd ^ 

U< 2 

SIR 

8-M 

1.81 

(0.0712) 

63.41 

(2.4965) 

37° 

AIR 

991.5 

(143,8) 

785.3 

(113.9) 

— 

0.84 

(0.033) 

5.92 

(0.233) 

0.463 

0.142 

B 

0.96 

■hihB 


STR 

8-1-2 

1.84 

(0.0725) 

44.63 

(1.7570) 

43° 

@ 

295°K 

795.7 

(115.4) 

m 

mmm 

■iiW 

1.32 

(0.052) 

|[B 

0.717 

0,158 

0.75 

0.77 

■y^B 


STR 

B-1-3 

1.74 

(0.0686) 

44,67 

(1.7588) 

48° 

(72 

^r) 

noom 

319.9 

(46.4) 

599.9 

(87.0) 

1.45 

(0.057) 

10.54 

(0.415) 

0.831 

0.137 

0.58 

0.71 

42.4 

(38.6) 

— 

STR 

8-1-4 

1,70 

(0.0670) 

44.44 

(1.7496) 

27° 



829,6 

(120.3) 

639,9 

(92,8) 

— 

1.09 

(0.043) 

7,75 

(0.305) 

0.642 

0.141 

— 

0.80 

52.3 

(47.6) 

— 

STR 

8-3-1 

1.79 

(0,0705) 

31.72 

(1.2490) 

54° 



1037.7 

(150.5) 

940.5 

(136.4) 

— 

o"e4 

JP.Q33) 

2.84 

(0.112) 

0.468 

0,295 

— 

1.00 

49.6 

(45.1) 

— 

STR 

8-3-2 

1.84 

(0.0723) 

31.67 

(1.2468) 

49° 



991.5 

(143.8) 

741.9 

(107.6) 

— 

1.17 

(0,046) 

3.94 

(0.155) 

0.636 

0.297 

— 

0.96 

55.4 

(50.4) 

— 

STR 

8-3-3 

1,78 

(0.0702) 

31.65 

(1.2462) 

37° 



892.9 

(129,5) 

567.5 

(82.3) 

827.4 

(120.0) 

1.45 

(0.057) 

4,83 

(0,190) 

0.812 

0;300 

0.80 

0.86 

50.2 

(45.7) 

— 

STR 

8-3-4 

1.70 

(0.0668) 

31.95 

(1.2577) 

— 



886.7 

(128.6) 

E> 

746.7 

(108.3) 

1.45 

(0.057) 

5.21 

(0.206) 

0.853 

0.278 

0.72 

0.86 

46.2 

(42.0) 

— 

STR 

85-1 

1.78 

(0.0700) 

20.17 

(0.7940) 

51° 



1096.3 

(159.0) 

738,5 

(107.1) 

— 

0.81 

(0.032) 

1,70 

(0.067) 

0,457 

0,478 

— 

1.06 

41.7 

(37.9) 

— 

STR 

8-5-2 

1,78 

(0.0702) 

20.41 

(0.8034) 

68° 



1045.3 

(151.6) 

926.0 

(134.3) 

1036.3 

(150.3) 

1.14 

(0.045) 

2.46 

(0.097) 

0.641 

0,464 i 

1.00 

1.01 

47.4 

(43.1) 

— 

STR 

8-5-3 

1,80 

(0.0708) 

20.31 

(0.7997) 

56° 



969.4 

(140.6) 

614.3 

(89.1) 

957.7 

(138.9) 

1.52 

(0.060) 

3.23 

(0.127) 

0.847 

0.472 

0.93 

■0.94 

49.7 

(45.2) 

— 

STR 

8-5-4 

1.81 

(0.0712) 

31.94 

(1.2573) 

— 

1 

r 

900.5 

(130.6) 


834.3 

(121.0) 

1.55 

(0.061) i 

3.68 

(0.145) 

■ ' 1 

0.857 

0,421 

0.81 

0.87 

45.7 

(41.6) 

— 


E> ffy = 1035 MN/m2 (150.1 KSI) 

NOT INSTRUMENTED FOR DIMPLING 







































TMl 30! STATIC FOACmineSTS SOOMTeimAATUIIC SAI-AVTITAIlim mtomAT, fSJSmmlOTimCHI 



SPECIME 

N 

TE 

ST 






FRACTURE DATA 






NUMBER 

t*-* 

a 

lU 

z 

X ^ 

lU ^ 

< § 
E 

$ 

X 

H 

9x 

ui^ 

< E 

O £ 

UJ^ 

ZOK 

18^ 
Q -1 (J 

liJ 

Z 

0 

cc 

> 

z 

LU 

a 

LU 

CC 

fe 'w 

LU 

< i 

ti. s 

Q 

LU 

CC 

te=r 
z i 

a, £ 

15 

D 5 

a 

LU ^ 

CC V} 

fe 

I CN 

gi 

X 

^ oa 

LU 

fiC 

m 

hT 

X 

U1 

0 

$ 

I 

<s 

t £ 

Z E 

X 

H 

0 X 

z 0 

Si 

UL 

.J JT 

< S 
t ^ 
z 

i 

X Ui 
. 2 

5q y 

I 

iL 0 
< 
0 

“o 

rv) 

g 

T 3 : 

X ^ 

LL 

IL 

A 

> 

0 

"5s 

D 

A 

> 

0 

'b 

0 

^ I 
H (5 _ 

|i« 

< X U) 
0. ^ 
^ Cn 
U i 

z flc E 

“52 

<1 

K ttl 
< D 

id 1 
u< Z 

STR 

2M-1 

6 25 

(o!2068) 

76.36 

(3.0061) 

520 

AIR 


E> 


B 

Bl 

0.498 

0.141 

B 

0.90 

85.7 

(78.0) 

- 

STR 

2M-2 

6.30 

(0.2086) 

153.17 

(6.0302) 

470 

295°K 

(72°F» 

BEsSul 


715.7 

(103.8) 

3,56 

(0.140) 

QKQII 

Bl 

0.671 

0.144 

0.74 

0.76 



STR 

2M-3 

5.31 

(0,2091) 

152.37 

(5.9990) 

440 



623.3 

(90.4) 

241.3 

(35.0) 

477.1 

(69.2) 

4.70 

(0.185) 

29.69 

(1.165) 

0.885 

0.159 

0.50 

0.65 

59.0 

(53.7) 

137.6 

(125.2) 

STR 

21-1-4 

5.37 

(0,2115) 

76.36 

(3.0063) 

470 



981.2 

(142.3) 

877.0 

(127.2) 


1.75 

(0,069) 

11.56 

(0.455) 

0.326 

0,152 

- 

1.02 

80.4 

(73.2) 

— 

STR 

21-3-1 

5.13 

( 0 . 2020 ) 

45.57 

(1.7942) 

53° 



901.9 

(130.8) 

779.8 

(113.1) 

— 

2.72 

(0.107) 

9,19 

(0.362) 

0.530 

0.296 

— 

0.94 

76.7 

(69.8) 

— 

STR 

21-3-2 

5.53 

(0.2178) 

76.48 

(3.0111) 

410 



867,4 

(125.8) 

630.9 

(9V-5) 

— 

3.68 

(0.145) 

12.83 

(0,515) 

0.666 

0.282 

— 

0.90 

86.9 

(79.1) 

— 

STR 

21-3-3 

5.67 

(0.2232) 

76.35 

(3.0058) 

40° 



770.9 

( 111 . 8 ) 


— 

4.62 

(0.182) 

16.59 

(0.653) 

0.815 

0.279 

— 

0.80 

85.7 

(78.0) 

— 

STR 

21-3-4 

5.51 

(0,2170) 

76.26 

(3.0025) 

46° 



948.1 

(137.5) 

793.6 

(115.1) 

— 

2.64 

(0.104) 

9.25 

(0.364) 

0.479 

0.286 

— 

0.99 

81.1 

(73.8) 


STR 
21 3 5 

5.23 

(0,2060) 

1 52.74 
(6.0132) 

43° 



870.1 

(126.2) 

623.3 

(90.4) 

— 

3,73 

(0.147) 

13,34 

(0,525) 

0.714 

0.280 

— 

0,91 

88.0 

(80.1) 

— 

STR 

21-3-6 

5.30 

(0.2086) 

152.86 

(6.0180) 

27° 


r 

757.8 

(109.9) 

315.8 

145,8) 

609.5 

(88.4) 

4.70 

(0.185) 

16.43 

(Q.647) 

0.887 

0,286 

0.63 

0.79 

66.6 

(60.6) 

— 


D> ov = 961.2 MN/m2 (139.4 KSI) 

[T>. DIMPLING STRESS NOT OBTAINED BECAUSE OF STRAIN GAGE MALFUNCTION 





























TMe 30: {Continued) 


r— 

5PEC[MEI 


TE 

ST 



FRACTURE DATA | 

NUMBER 

GAGE THICKNESS, t 
mm (INCH) 

GAGE WIDTH, w 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

ENVIRONMENT 

o 

D 

Hi 

in 

cc 

(A 
LU ^ 

3 F 
u, 5 

Q 

0 

(/) 

iO 

in 

cc 

z ^ 

a. E 

1 Z 
O 5 

8 

LU .... 
□C to 

o| 

o: ^ 
X 

h- ca 

m 

QC 

CO 

INITIAL FLAW DEPTH, 8j 
mm (INCH) 

INITIAL FLAW LENGTH, 
(2c)j mm (INCH) 

« 

X 

<s 

u. 

GAGE THICKNESS 

INITIAL 

FLAW DEPTH . 

INITIAL ' ' 

FLAW LENGTH 1 

A 

>- 

•**.. 

CO 

& 

A 

>• 

D 

> 

iolj 

^ <f CN 

uJ m 

Z cc E 
5“ z 
E< s 

i 1 

s 

< D ^ 
1 

u< z 

^IL % 

STTR 

21-6-2 

4.B8 

(0.1922) 

38.12 

(1.5006) 

51<> 

AIR 

@ 

295°K 

(72°F) 

853.6 

(123.8) 

568.8 

(82.51 

— 

3.61 

(0.142) 

7,75 

(0.305) 

0.739 

0.466 

- 

0.89 

f 

WtHcW 

— 

STR 

21*5*3 

5.28 

(0.2079) 

45.82 

(1.8040) 

mm 

755.3 

(108.1) 



4.50 

(0.177) 


0.851 

0.471 

0.77 

0.78 



STR 

21-5*4 

5.02 

(0.1977) 


isi 

1 

f 

939.0 

(136.2) 


— 

2.62 

(0.103) 


0.521 

0.466 

a 

0.98 

IHI 

— 

STR 
21 5^5 

5.35 

(0.2105) 


420 

981.8 

(142.4) 


— 

2.62 

(0.103) 


0.489 

0.460 

a 

1.02 



STR 

21-5-6 

5.36 

(0.2110) 


400 


701.9 

(101.8) 

— 

3.71 

(0.146) 

»JUM 

0.692 

H 

a 


75,1 

(68,3) 

— 

STR 
21 5-7 

5.64 

(0.2220) 

76.38 

(3.0072) 

36° 

857.0 

(124.3) 

568.8 

(82.5) 

847.4 

(122.9) 

4.65 

(0.183) 

9.88 

(0.389) 

0.824 


— 

0.88 

M 

76.7 

(69.8) 

— 


E> ay = 961.2 MN/m^ (139.4 KSI) 

























































Tabtt 31: 


STATIC FRACTURE TESTS — LIQUID HYDROGEN TEMPERATURE 6AI-4V TITANIUM WELDMENT, 0.51mm (0.020 INCH) 


1 SPECIMEN 

TE 

ST 

FRACTURE DATA | 

IT 

UJ 

CD 

s 

D 

2 

UJ 

z 

o _ 

UJ = 

< 1 
O E 

X 

9x 
^ z 

UJ . 

a "T 
< 1 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

ui 

S 

Z 

o 

tr. 

> 

z 

lU 

o 

s 

UJ 

cc 

UJ ^ 

-1 

u. 5 

o 

b 

to 

Ui 

UJ 

cc 

1— _ 
Ui cr 

Z 3 

Q- E 

25 

o 5 

BREAKTHROUGH STRESS, 
®B MN/m2 (KSI) 

«r 

X 

UJ 

Cl 

k 

t e 
z E 

X 

H 

O X 
Z O 

UJ Z 

n 

u. 

< « 
Z 

5 

X 

II 

LL 

* 

j 

LU 

z 

o 

X 

UJ 

o 

< 

o 

<0 

-r ^ 

E K 

-5 

A 

>- 

CQ 

O 

A 

o 

^ X 

< I 55 

< rg 
“ m ?? 

Z CO £ 
Z 

55 2 

<1 

h- cc 

z=f 1 
0< 2 
k:u. 

STH 

205-1 

0.51 

10.0201) 

30.49 

(1.2002) 

49® 

LH2 

@ 

20°K 

(-423®F) 

WBESm 

1259.0 

(182.6) 

1401.8 

(203.3) 

0.18 

(0.007) 

B 

0.348 

0.082 

0.80 

0.84 

m 

— 

STH 

2-05-2 

0.56 

(0,0219) 

30.47 

(1.1996) 

— 

muam 

[X> 

1061.8 

(154.0) 


3.05 

(0.120) 

0.411 

0.075 

0.60 

0.67 

31,7 

(28.8) 

82.6 

(75.2) 

STH 

2-05-3 

0.57 

(0.0223) 

30.44 

(1.1985) 

67® 

1 

f 

948.8 

(137.6) 


KfflQII 


4.95 

(0.195) 

0.583 

0.067 

0.50 

0,54 

31.2 

(28.4) 

bbbi 

STH 

205-4 

6.56 

(0.0222) 

30.43 

(1.1979) 

— 

1231,4 

(178.6) 

[2> 

1010.8 

(146.6) 

0.23 

(0.009) 

3.40 

(0.134) 

0.405 

0.067 

0.57 

0.70 

HM 

90.8 

(82.6) 

STH 

2-M 

0.55 

(0.0216) 

30.42 

(1.1978) 

40® 

1377.6 

(199.8) 

1022.5 

(148.3) 

1288.7 

(186.9) 

0.30 

(0.012) 

1.68 

(0.066) 

0.556 

0.182 

0.73 

0.78 

40.7 

(37.0) 

— 

STH 

2-1-2 

BM 

30.45 

(1.1988) 

62° 

1234.2 

(179.0) 

755.0 

(109.5) 

1001.8 

(145,3) 

0.38 

(0.015) 

2.39 

(0.094) 

0.739 

0.160 

0.57 

0,70 

35.5 

(32.3) 

75.8 

(69.0) 

STH 

2-13 

0.53 

(0.02081 

30.41 

(1,1971) 

28® 

997.0 

(144.6) 

' 628.8 
(91.2) 

839.1 

(121.7) 

0.43 

(0.017) 

3.05 

(0.120) 

0.817 

0.142 

0.48 

0.57 

m 

69.5 

(63.2) 

ilBEI 

0.52 

(0.02031 

30.45 

(1.1988) 

— 

■yusjl 


— 


1.19 

(0.047) 

0.345 

0.149 

B 

0.86 

38.5 

(35.0) 

— 

IQISH 

mUm 

m 

30.50 

(1.2008) 

— 



E> 

BSSU 

IjTQgll 

1.7B 

(0.070) 

0.566 

0,171 

B 

0.81 

45.8 

(41.7) 

— 

lun 

0.54 

(0.0211) 

30.54 

(1.2023) 

60® 

NA 

1148,0 

(166.51 

1303.2 

(189.0) 

0.30 

(0.012) 

1.70 

(0.067) 

(0.569) 

0.179 

074 

D 

41.3 

(37.6) 

— 


^ Oy = 1759 MN/m2 (255.1 KSI) 
f> NOT INSTRUMENTED FOR DIMPLING 

» NO BREAKTHROUGH INDICATION, MAY HAVE BEEN MALFUNCTION IN PRESSURE CUPS 
^ SPECIMEN WAS LOAD/UNLOAD TESTED. THEN MARKED BEFORE FINAL FAILURE 













































































































TM* 3U (CofttinuBd} 


CZj 

>PECIM£ 

M 

TE 

ST 


FRACTURE DATA | 

NUMBER 

GAGE THICKNESS, t 
mm (INCH) 

GAGE WIDTH, w 
mm (INCH) 

DIMPLING GAGE 
LOCATION FF\OM 
CRACK TIP 

ENVIRONMENT 

FAILURE STRESS, Oq 
MN/ m2 (KSI) 

a 

0 

S' 

LU 

CC 

Q. E 

1 2 
o s 

CO 

Xii ^ 

fc; 

O J 
n ^ 
X 

H CQ 

LU 

CO 

00 

JNITIAL FLAW DEPTH, 8j 
mm (INCH) 

INITIAL FLAW LENGTH, 
(2c)| mm (INCH) 

INITIAL 
FLAW DEPTH 

GAGE THICKNESS 

INITIAL 

FLAW DEPTH , 

INITIAL ■ ■ ■ 

FLAW LENGTH 

A 

>- 

o 

ffi 

D 

A 

>- 

c> 

o 

b 

^5 - 

5 IT ^ 
< X w 

It ^ 

ft 

Z BC E 
5“ 2 
E< 2 

<D ^ 

zz! ^ 
o< Z 

STH 

2-3-1 

0.49 

(0.0192) 

30.51 

(1.2011) 

56° 

LH2 

20°K 

(-423°F) 

wmm 

Mmm 

— 

0.20 

(0.008) 

0.79 

(0.031) 

0.417 

0.258 

B 

0.98 

■EhhI 

— 

STH 

2-3-2 

0.54 

(0.0211) 


57<^ 

m 

— 

Bi 

- 0.33 
(0.013) 

1.17 

(0.046) 

0.616 

0.283 

0.79 

0.83 


— 

STH 

2-3-3 

0.51 

(0.0201) 

30.54 

(1.2024) 

85° 

1 

r 

1197.0 

(173.6) 

— 

1119.7 

(162.4) 

0.46 

(0.018) 

1.40 

(0.055) 

0.896 

0.327 

0.64 

0.68 

36.5 

(33.2) 

56.2 

(51,1) 

STH 

2-5-1 

0.51 

(0.0200) 

30.52 

(1.2015) 

63° 

1687.9 

(244.8) 

— 

1652.0 

(239.6) 

0.25 

(0.010) 

0.58 

(0,023) 

0.500 

0.435 

0.94 

0.96 

35.2 

(32,0) 

— 

STH 
2-5 2 

0.51 

(0.0199) 

30.51 

(1.2012) 

55° 

1586.5 

(230.1) 

— ■ 

1471.4 

(213.4) 

0.38 

(0.015) 

0.86 

(0.034) 

0.754 

0.441 

0.84 

0.90 

39.2 

(35.7) 

_ 

STH 

2-5^3 

0.53 

(0.0207) 

30.45 

(1.1990) 

73° 

1425.2 

(206.7) 

— 

1390.0 

(201.6) 

0.43 

(0.017) 

1.07 

(0.042) 

0.821 

0.405 

0.79 

0.81 

40.9 

(37.2) 

— 

STH 

2-5-4 

0.54 

(0.0211) 

30.51 

(1.2011) 

18° 

1450.7 

(210.4) 

1210.1 

(175.5) 

1390.0 

(201.6) 

0.46 

(0018) 

0.94 i 

(0.037) ' 

0.853 ! 

0.486 

0.79 

0.82 

38.5 

(35.0) 

3 


p]>.aY = 1759 MN/m2 (255.1 KSI) 
























TMe32: STATIC FRACTUBB TESTS - LIQUID HYDROGEN TEMPERATURE 6AI-4V TITANIUM iVELDMENT^ t~ US mm (0.070 INCH) 



SPECIME 

N 

TE 

ST 

FRACTURE DATA | 

£E 

UJ 

CQ 

5 

13 

Z 

4- 

i/i 

in 

LU 

Z 

o _ 

< 1 
O E 

'£ 

h- 

9i 

Ul _ 

< 1 
o £ 

uj'S 

o o 

o ? — 
z9*“ 

5?<o 
5 o < 

£oo: 

Q -KJ 

1- 

z 

UJ 

z 

o 

a: 

> 

z 

LU 

o 

o 

tn 

tn 

Ul 

o: 

t) c7j 

tu ^ 
-I ^ 

< i 

U- 2 

w 

c/3 

UJ 

GC 

1— ^ 
CO 

O ^ 
z z 

CL E 

2 s 

D 5 

CO 

CO 

UJ ^ 

K k: 
CO ^ 

o| 

oc 

X 

1— 03 
UJ 

cr 

CQ 

I 

t 

UJ 

o 

5 

2s 

t £ 
z £ 

x" 

h" ^ 
Cl X 

z o 

UJ 2 

n 

u. 

< s 

Z 

<4 

n 

X 

1- 

<Q 

2< 
— —I 
LL 

i 

<n 

in 

UJ 

Z 

o 

X 

♦- 

UJ 

(D 

< 

O 
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ii 

_i 

LL 

1 

[ 

X 

h* 

< LU 

-1 

LL 

A 

V 

o 

OQ 

Q 

A 

> 

D 

"b 

o 

^ X 

ill 

ItS 
< ^ 

^ ^ 
Z X E 

$ “ 2 
E < 2 

it 

Z ^ 
^ ^ w 
<3 *7: 
o< z 

:^CL S 

STH 

8-M 

1.72 

(0.0678) 

44.78 

(1.7630) 

50° 

LHo 

20°K 

(•423°F) 

833.6 

(120.9) 

718.5 

(104.2) 

825.3 

(119.7) 

0.89 

(0.035) 

6.10 

(0.240) 

0.516 

0.146 

0.46 

0.46 

44.8 

(40.8) 

82.5 

(75.1) 

STH 

8-1-2 

.1.76 

(0,0693) 

MM 

59° 

694,3 

(100.7) 

652.3 

(94.6J 

— 

1.22 

(0.048) 

8.38 

(0.330) 

0.693 

0.145 

— 

0.38 

44.0) 

(40.0) 

— 

STH 

8^1-3 

1.82 

(0.0718} 

44.68 

(1.759) 

53° 

1 

! 

r 


423.4 

(61.4) 

557.1 

(80.8) 

1.47 

(0.058) 

10.41) 

(0.410) 

0.808 

0.141 

0.31 

0.31 

38.7 

(35.2) 

75.1 

(68,3) 

STH 

a-1-4 

1.76 

(0.0691) 

31.62 

(1.2450) 

— 

1654.8 

(240.0) 

E> 

— 

0.38 

(0.015) 


0.217 

0.217 

B 

0.92 

57.7 

(52.5) 

— 

STH 

81-5 

1.73 

(0.0681) 

32.02 

(1.2605) 

44° 

1361.8 

(197.5) 

— 

— 

0.51 

(0.020) 


0.294 

0.148 

B 

0.75 

57.7 

(52.5) 

— 

STH 

8-3-1 

1.83 

(0.0719) 

31.91 

(1.2564) 

— 

1316.9 

(191.0) 


— 

0.71 

(0.028) 

2.49 

(0.098) 

0.389 


B 

0.73 

56.6 

(51.5) 

— 

STH 

8-3-2 

11.74 

(0.0687) 

ing™ 

37° 

1001.8 

(145.3) 

815.7 

(118.3) 

943.9 

(136.9) 

1.14 

(0.045) 


0.665 

IPP 

0.52 

0.56 

wm 


STH 

8-3-3 

1.73 

(0.06831 

WBEM 

47"^ 


557.1 

(80.8) 


PH 


0.820 

0.273 

— 

0.39 

0.43 

BQQB 


STH 

8-3-4 

1.74 

(0.0686) 

wmm 

niBi 

— 

1503.8 

(218.1) 

E> 

— 

0.56 

(0.022) 

1.63 

(0.064) 

0.321 

0.344 

B 

0.83 

msEim 


STH 

8-5-1 

1.78 

(0.0701) 

20.41 

(0.8037) 

42° 


m 


0.81 

(0.032) 


0.456 

0.471 


0.79 



STH 

8-5-2 

1.78 

(0.0702) 

20.41 

(0.8034) 


1094.2 

(153.7) 

969.4 

(140.6) 


1.14 

(0.045) 

|Q|E|||| 

0.641 

0.479 

0,60 

0.61 

RBB 


STH 

8-5-3 

1.78 

(0.0700) 

20.37 

(0.8020) 

— 

UEIWM 

786.0 

(114.0) 

906.0 

(131.4) 

1.50 

(0.059) 

3.20 

(0.126) 

0.B43 

0.468 

0.50 

0.51 

45.5 

(41.4) 


STH 

8-5-4 

1.68 

^^^06^ 

31.93 

(1.2570) 

— 


[2> 

— 

0.69 

(0.027) 

1.42 

(0.056) 

0.407 

0.482 

B 

0.84 

51.8 

^47J^ 



|T>aY = 1804 MN/m2 (261.7 KSI) [|>NOT INSTRUMENTED FOR DIMPLING 






















































































































TabltyS: STATIC FRACnRE T£STS - LIQUID HYDROGEN TEMPERATURE SAHV TITANIUM WELDMENT^ 5.33 mm (0.21 INCH) 


SPECIMEN 


c 

Hi 

CO 

S 

D 

Z 

GAGE THICKNESS, t 
mm (INCH) 

GAGE WIDTH, w 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

STH 

2M-1 

4 95 
(0‘l950) 

76.42 

(3.0086) 

52° 

STH 

21-1-2 

5.30 

(0.2086) 

153.17 

(6.0302) 

49“ 

STH 

2M-3 

5.31 

(0.2091) 

152.37 

(5.9990) 

48° 

STH 

21-3-1 

5.31 

(0.2092) 

45.73 

(1.8005) 

52° 

STH 

21-3-2 

5.61 

(0.2210) 

76.25 

(3.0018) 

35° 

STH 

21-3-3 

5,62 

(0.2212) 

76.45 

(3.0100) 

39° 

STH 

21-5-1 

5.07 

(0.1998) 

38.01 

(1.4964) 

52° 

STH 

21-5-2 

4 99 
(0*1966) 

38.19 

(1.5035) 

53° 

STH 

21-5-3 

5.00 

(0.1967) 

45.79 

(1.8027) 

53° 


FRACTURE DATA 



@ 

20°K 

(•4230F) 


608.8 

(88.3) 

605.4 

(87.8) 

473.7 
(68.7) 

881.2 

(127.8) 

661.2 

(95.9) 

553.7 

(80.3) 


(0.143) 

4.52 

(0.178) 

2.64 

(0.104) 

3.63 

(0.143) 

“T67 

(0.184) 

2.54 

(Q.100) 

3.56 i 
(0.140) 

4,45 

(0,175) 


(0.995) 

29.34 

(U55) 

9.09 

(0.358) 

13.08 

(0.515) 

16.84 

(0.663) 

5.54 

(Q.21B) 

7 54 

(o!297) 

9.45 

(0.372) 




A A 



“-LU 

S 

< D T: 
Z- J 

(J< 2 
UL 


0.528 

0.141 

D 

0.32 


0.686 

0.144 

— 

0.22 

41.0 

(37.3) 

0.851 

0.154 

0.21 

0.22 

44.1 

(40.1) 

0.497 

0.291 

— 

0.35 

48.7 

(44.3) 

0.647 

0.278 

— 

0.35 

57.6 

(52.4) 

0.832 

0.276 

— 

0.27 

50.9 

(46.3) 

0.501 

0.459 

— 

0.51 

58.2 

(53.0) 

0.712 

0.471 

— 

,0.38 

50.8 

(46,2) 

0.890 

0.470 


0.32 

47.5 

(43.2) 


E> ffy= 1735MN/m2 (251.7 KSI) 
















TabteSt: CYCLIC TCSTSOF 1.60mm (0.063 INCH} 2219 ALUMINUM WELDS PASSING oyPBOOF AND CYCLED AT 0.85 a y 

IN ROOM TEMPERA TUREAIR (SPECIMENS PROOFED BEFORE CYCLED) 


SPECIMEN 

number 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS, a 
MN/^2 

(KSI) 

D> 

a/2c 

a/t 

STRESS 

INTENSITY, 

MN/„3/2 

(ksiv'TnT 

REMARKS 





START PROOF 

1.14 

10.045) 

20.57 

(0.8101 

174.4 

(25.3) 

1.00 

0.056 

0.715 

H^HII 

DIMPLED AT 

82.1 MN/m2 

PA6.Y- 

8&1 

1.60 

(0.0629) 

127.2 

(6.0072) 


END PROOF 

1.27 

(0.050) 

20.57 

(0.810) 


1.00 

0.062 

0.795 

21.7 

(19-7J 

(11.90 KSI) 

45® 

START CYCLES 


20.57 

(0.810) 

BmH 

0.85 

0.062 

0.795 

17.8 

IJ£.2J 






END CYCLES 

1.60 

(0.0629) 

20.57 

(0.810) 

148.2 
(21.5) . . 

0.85 


1.000 

21.8 

|198) . 

8T AT 75 





FRACTURE 


20.57 

(0.B10) 

220.6 

(32.0) 

1,26 



— 






START PROOF 

1.42 

(0.056) 

10.67 

(0.420) 

140.0 

(20.3) 

0.80 

0.133 


16.5 

(15.0) 

DIMPLED AT 
71.0 MN/m2 

PA6-Y. 

B&2 

1.56 

(G.0612) 

89.0 

(3.B050) 

53® 

END PROOF 

1.55 

(0.0612) 

10.67 

(0.420) 

140.0 

(20.31 

O.BO 

0.146 

1.000 

17.3 

(15.7) 

(10.30 KSI) 





fracture 

T5T 

(0.0612) 

mtssSMi 

mwmm 

— 

(31.75) 

1.25 

0.146 

1.000 

— 






START PROOF 

1.24 

(0.049) 

4.32 

(0.170) 

174.4 

(25.3) 

1.00 ■ 

0.288 

0.768 

12.9 

111.7) 

DIMPLED AT 
109.4 MN/m2 


1.62 

(Q.0638) 

88.9 

(3.5060) 


END PROOF 

1.24 

(Q.0491 

4.32 

(0.170) 

174.4 

1.00 

0,288 

0.768 

12.9 

(11.7) 

(15.86 KSI) 

PAfrV- 

85-3 

66® 

START CYCLES 

1.24 

(0.0491 

4.32 

(0.170) 

148.2 

(21.5) 

0.85 

0.288 

0.768 

10.7 

(9.7) 






END CYCLES 

(0.0638) 

(0J95) 

— — 
(21.5) 

0.85 

0.327 

1.000 

12.3 

(11.2) 

BT AT 1392- 





FRACTURE 

1.52 " ■■■ 
(0.0638) 

— snre 

10.203) 

1U5.3 

(26.881 

1.06 

0.314 

1.000 

- 






START PROOF 

1.07 

(0.042) 

9.91 

(0.390) 

174.4 

(25.3) 

1.00 

0.108 

0.692 

16.5 

(15.01 

DIMPLED AT 
112.5MNVm2 





END PROOF 

1.17 

10.0461 

9.91 

(0.390) 

174.4 

(25.3) 

1.00 

0.118 

0.758 

17.9 

(16.3) 

(16.31 KSI) 

PA6-Y- 

1.64 

(00607) 

89.0 

(3L6046) 

66® 

START CYCLES 

1.17 

(0.046) 

9.91 

(0.390) 

148.2 

(21.5) 

0.85 

0.118 

0.758 

14.8 

(13.^) 



END CYCLES 

1.54 

(0.0607) 

9.91 

(0.3901 

148.2 

(21,5) 

0.85 

0.156 

1.000 

18.1 

(16.5) 

8T AT 21 3- 





FRACTURE 

1.54 

10.0607) 

9.91 

(0.390) 

215.5 

(31.26). 

1.24 

0.156 

1.000 

— 






START PROOF 

1.12 

(0.0441 

22,86 

(0.900) 

173.B 

(25.2) 

1.00 

0.049 

0.700 

18.7 

(17.0) 

DIMPLED AT 
109.4 MN/m2 





END PROOF 

1.27 

(0.050) 

22.86 

(0.900) 

173-8 

(25.2) 

1,00 

0.056 

0.795 

21.8 

(19.8) 

(15.87 KSI) 

PA8-Y- 

B5-5 

1.60 

(0.0629) 

127.2 

(S.0080) 

63® 

START CYCLES 

1.27 

(0.050) 

I0.900I 

(21.2) 

0.84 

0.056 

0.795 

17.7 
; (16.1) 






END CYCLES 

— rw — 

(0.06291 

— 77 m 

10.900) 

146.2 

121.2) 

0.84 

0.070 

t.OOO 

21.8 

(19.8) 

BT AT 75— 





FRACTURE 

1.60 

fO 06291 ■, 

22.86 

(n,9QQ),_ 

212.1 

130.76) 

1.22 

0.070 

1.000 

— 


1> ffy-' 

74.4 MN/m^ 

(25.3 KSI) 


BT “ BREAKTHROUGH 


















































Tablt 35: CYCLIC TESTS OF ISO mm (0.063 INCH} 2219 ALUMINUM WBLDS CAPABLE OF PASSING PROOF AND CYCLED AT 0.85 Oy IN ROOM 

TEMPERATURE AIR (SPECIMENS NOT PROOFED} ^ u hi nuum 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm MNCHI 

WIDTH. W 
mm (INCH! 

A6-Y- 

S&-1 

1.62 

(0.06381 

127.1 

(5.0029) 

A6-Y. 

86-2 

1.56 
(0.061 6i 

89.0 

(3.5049} 

A6-Y. 

86-3 

1.S9 

(a0625) 

B8.9 

(3.4985) 



a/2c 

a/t 

D> 







BT BREAKTHROUGH 





























































1 

SPECIMEN 

HUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH 

O O 
< ^ 

O 2 i 

z9>- 

Ij ^ 
5. < o 
5 O < 

^ 9 OC 

QUO 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH 

STRESS, a 
MN/^2 
(KSI) 


a/2c 

a/t 

STRESS 

INTENSITY, 

^^MAX 

MN/^3/2 

(ksi'^TnT 

REMARKS 

PA6-Y- 

1.53 

127.2 

670 

START PROOF 

1.22 

(0.048) 

(0.830) 

130.0 

(18.851 

0.75 

0.059 

0.796 

15.1 

(13.7) 

DIMPLED AT 

70-1 

(0.0604J 

(S.0061 1 

END PROOF 

T.53 

(0.0604) 

20.83 

(0.820) 

130.0 

(18.85) 

0.75 

0.074 

1.000 

18.2 

(16.6) 

»/.t> MN/m^ 
(14.14 KSI) 





FRACTURE 

1.53 

(0.0604) 



1.25 

0.074 

1.000 


PAB-y- 

1.65 

89.0 

(3.50441 

210 


. 1.32 
• (0.052) 

10.67 

(0.420) 


1,00 

0.124 

0.802 

19.7 

(17.9) 

DIMPLED AT 

70-2 

(0.0B48I 

END PROOF 

1.65 

(0.0648) 

10.67 

(0.420) 

174.4 

125.3) 

TOO 

0.154 

1.000 

22 6 
(20.6) 

o4,3 MN/m* 
(12.22 KSI) 





FRACTURE 

1.65 

(0.0648) 

10,67 

_!0,420l 

217.V 

(31.48) 

1.24 

0.154 

1.000 






START PROOF 

1.27 

(0.050) 

4.39 

(0,173) 

174.4 

(25.31 

1.00 

0.289 

0.787 

13.1 

(11.9) 

DIMPLED AT 
120.4 MN/m2 
(17.46 KSI) 

PAB-Y* 

70-3 

1.61 

(0.06351 

88.9 

(3.4993) 

00 

END PROOF 

1.32 

(0.052) 

4,39 

(0.173) 

174.4 

(25.3) 

1.00 

0.301 

0.819 

13.2 

(12.0) 


START CYCLES 

1.32 

(0.052) 

(0.173) 

T5215 

(17.7) 

0.70 

0.301 

1 0.819 

8.9 

(8.1) 






END CYCLES 

1.61 

(0.0635) . 

5.76 

— Lg2op_ 

122.0 

07.71 

0.70 

0.307 

1.000 

— T0?2 

(9.3) 

BT AT 8095-*- 





FRACTURE 

1.61 

(0.0635) 

5.26 

(0.207) 

249.8 

(36.23) 

1.43 

0.307 

1.000 







START PROOF 

1.09 

(0.043) 

22.48 

(0.885) 

174.4 

(25.31 

1.00 

0.049 

0.684 

18.2 

(16.6) 

DIMPLED AT 

40^ C ti f ^ 

PA6-Y- 

1.6(1 

127.1 


END PROOF 

1.14 

(0.045) 

22.43 

(0.885) 

174.4 

(25.3) 

1.00 

0.051 

0.715 

19.2 ■ 
(17.5) 

122.5 MN/m* 
(17.77 KSI) 

704 

laO(Q9) 

(5.0069) 

540 

START CYCLES 

1.14 

(0.045) 

22.48 

(0.885) 

122.0 

(17.7) 

0.70 

0.051 

0.715 

12.6 
(1 1.5) 






END CYCLES 

1.60 

(0.0629) 

22.48 

(0.885) 

122.0 

0.70 

0.071 

1.000 

17.7 

■ 116.1) 

BT AT 539-v 





FRACTURE 

1.60 

(0.0629) 

22.48 

(0.8851 

190.2 

(28.74) 

1,14 

0.071 

1.000 





Oy - 174,4 MN/m2 (2S.3 KSU 

BT AT 130.0 MN/m2 (18.85 KSH, MAX. LOAD REACHED WAS 1&7.3 MN/m2 (22.81 KSI) 


BT- BREAKTHROUGH 






















(Continued) 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH) 

^ 2 
< ^ 

oS - 
z9^- 

t < o 
5 O < 

^ 0 oc 
c ^ o 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH. 

2c 

mm (INCH) 

STRESS, a 
MN/^2 
(KSI) 


a/2c 

a/t 

STRESS 

INTENSITY. 

MN/^3/2 

(KSl>^W 

REMARKS 

PA6^Y- 

70-5 

1.S4 

(0.0645) 

89.0 

(3.5035) 

5to 

START PROOF 

1.12 

(0.044) 

9.98 

(0.393) 

■TM 

1.00 

0.112 


BgQBI 

DIMPLED AT 
92.1 MN/m2 
(13.36 KSI) 

BT AT 1597- 

END PROOF 

1,19 

(0.047) 

9.98 

(0.393) 


1.00 



msEarn 

START CYCLES 

HRSSiil 

MiM 

WmwSmM 

0.70 

0.120 


■DIQH 

END CYCLES 

iH^ni 

9.98 

(0.393) 

■BEHB 

0.70 

0.164 


f/EOEM 

HnEEi^H 

FRACTURE 

1.64 

(0.06451 

9.98 

(0.393) 

204.4 

(29.65) 

1.17 

0.164 

1.000 


PA8-Y- 

7(W 

1.65 

(0.0649) 

152.5 

(60056) 

560 

START PROOF 

1,04 

(0.041) 

22.61 

(0.890) 

171,0 

(24,8) 

0.98 

0.046 

0.632 

16.5 

(15.0) 

DIMPLED AT 
75.1 MN/m2 
(10.89 KSI) 

BT AT 476- 

END PROOF 

1.24 ■■ 

(0.049) 

22.61 

(0.890) 

171.0 

124.8) 

0,98 

0.055 

0.755 

20.3 

08.5) 

START CYCLES 

1.24 

(0.049) 

22.61 

_L£lS3iiL. 

122.0 

-117.7) 

0.70 

0.055 

0.755 

13.6 

(12.4) 

END CYCLES 

1.65 

-10.06491 

22.61 

mm.. 

122.0 

(17.7) 

0.70 

0.073 

1.000 

17.9 

(16.3) 

FRACTURE 

1.66 

(0.0649) 

22.61 

(0.890) 

217.6 

(31.551 

1.25 

0.073 

1.000 




D> 


ay • 174.4 MN/m2 (26.3 KSi\ 


























TaMa 37: 


(0-063 INCH) 2219 ALUMINUM WELDS CAPABLB OF PASSING 
CYCLED AT 0.70 Uy IN ROOM TEMPERATURE AIR (SPECIMENS NOT PROOFED) 


OyPROOFAND 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH) 

dimpling gage 
location from 

CRACK TIP 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH 

STRESS, a 
MN/^2 
(KSI) 

ay 

D> 

a/2c 

a/t 

STRESS 

INTENSITY. 

MN/^3/2 

(ksivTnT 

REMARKS 

A6-Y< 

1.60 

127 2 


START CYCLES 

1.37 

10.054) 

21.S9 

(0.850) 

122.0 

117.71 

0.70 

0.064 

0.860 

15.6 

(14.2) 

DIMPLING LOAD N.A. 

70- 1 

(0.0628) 

(5.0074) 

300 

END CYCLES 

1.60 

(0.0628) 

21.59 

(0.850) 

122.0 

(17.71 

0.70 

0,074 

1.000 

17.6 

(16.0) 

6T AT 75-^ 





FRACTURE 

1 60 
(0.0628) 

HjLUfH 

210.4 

(30.52) 

1.21 

0.074 

1.000 

- — 






START CYCLES 

HuESiH 

10.54 

(0.415) 

122.0 

(17.7) 

0,70 

0.128 

0.824 


dimpled AT 

85.4 MN/m2 

Afi-Y* 

70-2 

1.63 

(a0643) 

89.0 

(3.5052) 

660 

END CYCLES 




0.70 

0.155 

1.000 

IlH 

(12.38 KSI) 
0T AT 464^ 





FRACTURE 



221.2 

(32.08) 

1.27 

0.155 

1,000 


A6-Y- 

1.61 

88.8 


START CYCLES 

1.22 

(0.048) 

4.32 

(0.170) 

122.0 

(17.7) 

0,70 

0,282 

0.7S6 

8.6 

(7.8) 

p DIMPLED AT 4363*^ 

70-3 

(0.0635) 

(3,4975) 

240 

END CYCLES 

1.61 

(0.0635) 

5.21 

(0,205) 

122.0 

(17.7) 

0,70 

0.310 

1.000 

10.2 

(9.3) 

BT AT 6507- 





FRACTURE 

1.61 

(0.0635) 

5.21 

(0.20S) 

238.4 

(34.58) 

1.37 

0.310 

1.000 



A6-V- 

1.60 

127.2 

(5.0063J 


START CYCLES 

0.99 

10.039) 

2,24 

(0.880) 

122 0 
(17.7) 

0.70 

0.044 

0.619 

10.8 

(9.8) 

DIMPLED AT 
1 10.4 MN/m2 
(16.01 KSI) 
BT AT 602- 

7(M 

10.0630) 

530 

END CYCLES 

1.60 

(0.0630) 

2.24 

(0.880) 

122.0 

(17.7) 

0.70 

0.072 

1.000 

17.7 

(16.1) 





FRACTURE 

1.60 

(0.0630) 

2.24 

(0.880) 

204.6 

(29.68) 

1.17 

0.072 

1.000 



Cy - 1 74.4 MN/m2 (26.3 KSI) 


BT- BREAKTHROUGH 








































T»b!» 38: CYCLIC TESTS Of 1.60 mm (0.063 INCHi 2219 ALUMINUM WELDS PASSING 0.31 ay PROOF AND CYCLED AT 0.70 ay 

IN ROOM TEMPERATURE AIR (SPECIMENS PROOFED BEFORE CYCLING) ^ ^ 


THICKNESS 

SPECIMEN . WIDTH, W 

NUMBER ^ mm {INCHI 

mm (INCHI 


(0.0671) (6.0036) 


LOADING 

SEQUENCE 


START PROOF 


END PROOF 


FRACTURE 


START PROOF 


FLAW FLAW 

depth, length. 

a 2c 

mm (INCH) mm {INCHI 


1.22 

(0.0481 


1.70 

(0.0671) 


STRESS 

INTENSITY, 

^Imax 

MN/r„3/2 

(ksiVTnT 


REMARKS 


(0.0626) (3.6046) 


(0.0642) 1 (3.4987) 


ia0637) (6.0062) 


END PROOF 


FRACTURE 


START PROOF 


END PROOF 


START CYCLES 


END CYCLES 


FRACTURE 


START PROOF 


END PROOF 


FRACTURE 


1.59 

(0.0625) 


1.37 

(0.054) 


1.63 

(0.0642) 


1.63 

(0.0642) 


1.14 

(0.045) 


1.17 

(0.046) 


1.17 

(0.046) 


1.62 

(0.0637) 


1.62 

(0.0637) 


- 174.4 MN/m2 (25.3 KSI) 

BT AT 146l 3 MN/m^ <21.22 KSI), MAX LOAD REACHED WAS 158.6 MN/m^ (23.0 KSI) 
BT AT 146,1 MN/m^ (21.19 KSI). MAX LOAD REACHED WAS 158.6 MN/m^ <23.0 KSI) 


DIMPLED AT 
99.0 MN/m2 
(14.36 KSI) 


BT AT 679-^ 


BT AT 75(K 


BT - breakthrough 

















































































































TaUt 3S: CYCLIC TESTS OF T60 mm (0.063 INCH! 2219 ALUMINUM WELDS CAPABLE OF PASSING 

0.9! OyPflOOFAND CYCLED AT 0.70 Oy IN BOOM TEMPERATURE AIR (SPECIMENS NOT PROOFED) 


SPECIMEN 

NUMBER 

H 

■ 

■ 

^ 

o u- 

0 z - 
29»- 

1 < y 
s u < 

£ QC 
Q -J O 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS, 0 
MN/^2 
(KSI) 


a/2c 

a/t 

STRESS 

INTENSITY, 

MN/^3/2 

(ksi^TnT 

REMARKS 

AS-^ 

7(M 




START CYCLES 

1.30 

<0.051) 

23.37 

(0.920) 

122.0 

(17.7) 

0.70 

0.055 

0.798 

14.5 

(13.2) 

DIMPLED AT 
69.2 MN/m2 

1.62 

<0.06391 

127.2 

(&OQ74) 

630 

END CYCLES 

1.62 

<0.0639) 

23.37 

(0.920) 

122,0 

(17.7) 

0.70 

0.069 

1.000 

17.9 

(16.3) 

(10.03 KS)) 
BT AT 87^ 





FRACTURE 

1.62 

<0.0639) 

23.37 

<0.9201 

209.1 

(30.33) 

1.20 

0.069 

1.000 

— 


AB-9^ 

70^2 

l,6t 

<a0635) 

69.0 

(3.S046J 


START CYCLES 


11.68 

(0.460) 

122.0 

(17.7) 

0.70 

0.115 

0.835 

13.7 

(12.5) 

DIMPLING LOAD NA 

NA 

END CYCLES 

1.61 

(0.06351 

11.68 

(0.460) 

122.0 

(17.7) 

0.70 

0.138 

1.000 

ts.s 

(14,1) 

BT AT 334- 





FRACTURE 

1.61 

(0.0635) 

11.68 

(0.460) 

213.8 

(31.01) 

1.23 

0.138 

1.000 



A&9- 

70-3 

1.61 

<aOS34) 

69.0 

<3.5037) 


START CYCLES 

1.35 

(0.053) 

7.70 

(0.303) 

122.0 

(17.71 

0,70 

0.175 

0.836 

12.1 

(11.0) 

DIMPLED AT 
119.5 MN/m2 

260 

1 

END CYCLES 

1.61 

(0.0634) 

7.87 

(0.3101 

122.0 

(17.71 

0.70 . 

0.205 

1.000 

13.2 

<12.1) 

(17.33 KSI) 
BT AT 809- 





FRACTURE 

1.61 

(0.0634) 

7.87 

(0.310) 

1 221.7 

(32.16) 

1.27 

0.205 

1.000 



A6-9^ 

7M 

1.63 

(0.0S36) 

152.6 

<6.00601 


START CYCLES 

1.12 

(0.044) 

22.48 

(0.885) 

122,0 

J17.7) 

0.70 

0.050 

0.692 

12.2 

(11.11 

DIMPLED AT 
92.0 MN/m2 

600 

END CYCLES 

1.62 

(0.0636) 

22.48 

(0.885) 

122.0 

<17.7) 

0.70 

0.072 

1.000 

17.8 

(16.2) 

(13.35 KSI) 
BT AT 268- 





FRACTURE 

1.62 

(0.0636) 

22.48 

(0.8851 

216.1 

(31.34) 

1.24 

0.072 

1.000 




Oy - 174.4 MN/m2 (25.3 KSI) 
6T - BHEAKTHHOUGH 












































T$b!t 40: CYCLIC TESTS OF 2.67 mm (0. 105 INCH) 2219 ALUMINUM WELDS PASSING Oy PROOF AND CYCLED AT 0.85 
IN ROOM TEMPERATURE AIR (SPECIMENS PROOFED BEFORE CYCLED) 



THICKNESS 


a o 


FLAW 

DEPTH. 

Hj 





STRESS 

INTENSITY, 


SPECIMEN 

number 

t 

mm liNCHl 

WIDTH. W 
mm lINCHl 

0 z - 

2 O H 
□ K v; 
i<o 

5 o < 

1 o tc 

Q -1 O 

LOADING 

SEQUENCE 

a 

mm (INCH) 



•''a 

a/2c 

a/t 

MN/^3/2 

(ksi^^InT 

REMARKS 





START PROOF 

2.03 

(0.0801 

7.03 

tO.277) 

— 

1.00 

0.289 

0.763 

18.2 

(16.6I 

DIMPLED AT 
121.8 MN/m2 





END PROOF 


■BQEH 

wmSStm 


1.00 

0.2B9 

0.763 

laal 

(17.66 KSII 

PA1*Y. 

8&3 

2.66 

(0.10481 

136.9 

(4.9968) 

300 

START CYCLES 


mSESm 

165.5 

(24.0) 

0.85 

0.289 

0.763 

b^b 

wEEm 





END CYCLES 


wmsEM 

WtS^m 

165.5 

(24.0) 

0.85 

0.327 

1.000 


BT AT 650^ 





FRACTURE 

2.66 

(0,1048) 

WESEM 

WKsEmM 


1.24 

0,327 

1.000 

— 






START PROOF 

1.52 

(0.0601 

16.56 

(0.652) 

188.9 

(27.41 

0.97 

0.097 

0.609 

20.6 

(17.9) 

DIMPLED AT 
99.8 MN/m2 


3.63 

(0.1035) 

127.3 

iG.ooes) 

NA 

END PROOF 

1.60 

(0.0631 

16.56 

(0.652) 


0.97 

0.097 

0.609 

SU"? 

(18.71 

<14.47 KSII 

r ^ 1 • T 

85^ 

START CYCLES 

HEsSH 


1G5.5 

(24.0) 

0.85 

0.097 

0.609 

BIBB 






END CYCLES 



■59m 

0JB5 . 

0.159 

1.000 

m^am 

WtmEM 

BT AT 404^ 





FRACTURE 



212,3 

(30.79) 

1.09 

0.159 

1,000 

■91 






START PROOF 

2.13 

10.084) 

4.85 

(0.1911 

194.4 

(28.21 

1.00 

0.440 

0.823 

mKanm 

■inaH 

DIMPLED AT 
98.5 MN/m2 








T54:4 

(28.2) 

1.00 

0.465 

0.911 

beebi 

BtKjinB 

(14.29 KSI) 

PAW- 

8&6 

3.59 

(aio2i) 

B8.8 

<3.49461 

66° 



5.08 

(Q.20Q) . 

165.5 



0.85 

0.465 

0.911 ! 

12.) 

Mi.ni I 



END CYCLES 


5.46 

(0.215) 

■fwllB 

0.85 

0.475 

1.000 ' 


BT AT 322^ 





FRACTURE 

mwiyjam 

5.46 

(0.215) 

mESsm 

1.18 

0.475 

1,000 







START PROOF 

HuSSlH 

29.97 
• (1.180) 

191.0 

(27.7) 

0.98 


0.531 

19.1 

(17.4) 

DIMPLED AT 
97.2 MN/m2 

PAt-Y- 

3.58 

(atoi6) 

153.6 

(6.0070) 

4»o 

END PROOF 


29.97 

(1.180) 

iboehi 

IKIfli 

0.98 

yOOIIIIII 

0.610 

22.1 

(20.1) 

(14.09 KSI) 

START CYCLES 

1.57 

(0.0621 

29.97 

(1.180) 

ibbeui 

0.85 

0.053 

0.610 

bie^h 

BuSIB 






END CYCLES 

2.S8 

10.10161 

IKEaH 
I ■non 

■b^h 

0.85 

0.086 

1.000 

BESm 

\WkS3BU 

BT AT 127- 





FRACTURE 

2.58 

(0.1016) 

29.97 

(1.180) 

1 204.0 

1 (29.59) 

1.05 

0.086 

1.000 

— 



|j> By- 194.4 MN/m2 (28.2 KSll 
BT • BREAKTHROUGH 


























































































































Tattle 41: CYCLIC TESTS OF 2.67 mm (0. 105 INCH) 2219 ALUMINUM WELDS CAPABLE OF PASSING PROOF 
AND CYCLED A T 0.85 Oy IN ROOM TEMPERA TORE AIR (SPECIMENS NOT PROOFED} 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

■ 

■ 

\u 5 
o O 
< ^ 

C)Z 2 : 

□ H 

Z<o 
s <J < 
= O QC 
D -1 O 

LOADING 

SEQUENCE 



FLAW 

DEPTH, 

a 

mm ONCH) 

FLAW 

LENGTH, 

2 c 

mm (INCH) 

STRESS, 0 
MN /^2 
(KSIl 

D> 

a/ 2 c 

a/t 

STRESS 

INTENSITY, 

^^MAX 

MN/^ 3/2 

(ksiVT?5T 

REMARKS 

A 1 -Y. 

B5-1 

2.58 

10.1016) 

152.5 

16.0049) 

470 

START CYCLES 

1.60 

(0.063) 

29.85 

(1.175I 

165.5 

(24.01 

0.85 

0.0S4 

0.620 

18.9 

(17.21 

DIMPLED AT 
79.7 MN/m2 
(11.56 KSI) 
8 T AT 67^ 

END CYCLES 

2.58 

(0.1016) 

29.85 

(1.17SI 


0.85 

0.086 

1.000 

■■RgQIM 

FRACTURE 

2.58 

(0.10161 

29.85 

(1.175) 


1.02 

0.086 

1.000 

■[§5 

AVY. 

2 .T 0 

(0.10631 

127.2 

(5.0081) 

670 

START CYCLES 

2.21 

(0.0871 

wKSEM 

165.5 

(24.0) 


0.137 

0.818 


DIMPLED AT 
86.3 MN/m^ 
(12.51 KSI) 
BTAT73- 

END CYCLES 

HSEiSjI 

mjMM 

■SehI 

0.85 

jj^QI 

1.000 

26.0 

(23.7) 

FRACTURE 


WMBSEM 

213.7 

(30.991 

1.10 


1.000 

— 

A1Y- 

m-z 

2.63 

iai036) 

126.9 

(4.9973) 


START CYCLES 

rnKumSIM 

mimmm 


0.85 

0.280 

0.743 

■H9DH 

WmWmU 

DIMPLED AT 
165.5 MN/m2 
(24.0 KSI) 
BT AT 564- 

END CYCLES 

2.63 

(0.1036) 

8.38 

(0.330) 

165.5 

(24.0) 

0.85 

0.314 

1.000 

BRiSlHi 

FRACTURE 

2.63 

(0-10361 

8.38 

(0.330) 

212.2 

(30.77) 

1.09 

0.314 

1.000 


Al-Y- 

e&A 

Z67 

(0.1052) 

127.2 

(5.0082) 

490 

START CYCLES 

1.60 

(0.063) 

16.64 

(0.655) 

165.5 

(24.0) 

0.85 

0.096 

0.599 

17.4 

(15.8) 

DIMPLED AT 
99.2 MN/m2 
(14,38 KSI) 
BT AT 372- 


2.67 

(0.1052) 

16.76 

(0.660) 

■iSCH 

0.85 

0.159 

1.000 





226.6 

(32.86) 

1-17 

0.159 




Al-Y- 

85^ 

2.62 

(0.11031) 

88.8 

(3.4960) 

640 

START CYCLES 


■uKsn 


0.85 

0.404 



DIMPLED AT 
94.9 MN/m? 
(13.77 KSIl 
_ BT AT 688 - 

END CYCLES 

2.62 

(0.1031) 

6.35 

(0.250) 

1G5.5 

(24.0) 

0.85 

0.412 

HBB 

15.1 

(13.71 

FRACTURE 


6:‘35 

(0.2501 

224 .^ 

(32.65) 

1.05 

0.412 


— 



Oy - 194.4 MN/m2 (28.2 KSIl 


BT- BREAKTHROUGH 








































































































Tabl$ 42: 


AND CYCLED AT 0.70 oy 

IN ROOM TEMPERATURE Am (SPECIMENS PROOFED BEFORE CYCLED) 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH^ 

WIDTH, W 
mm UNCH) 

0 O 
< ^ 

CfS - 

z 2 
□ ^ 

5 tJ < 

1 O flC 
O J o 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS, a 
MN/^2 
(KSJI 


a/2c 

a/t 

STRESS 

INTENSITY. 

MN/„3/2 

(ksi'^nT 

REMARKS 





START PROOF 

1.83 

(0.072} 

16.00 

(0.630) 

194.4 

(28.2) 

1.00 

0.114 

0.691 

HSSb 

DIMPLED AT 
111.2 MN/m2 
(16.13 KSI) 

PAl-Y- 

3.65 

(0.1042) 

126.9 

(4.69Q7) 

610 

END PROOF 

2.16 

(0.085) 


IjgH 

1.00 

0.135 

0.816 

beesib 

bSBb 

70-2 

START CYCLES 

2.16 

(0.085) 

16.00 

(0.630) 

135.8 

U3J] 

0.70 

0.135 

■SB 

bbb 






END CYCLES 

2.65 

(0.1042) 

16.00 

(0.630) 


0.70 

0.165 


20.8 

(18.9) 

BT AT 130- 





FRACTURE 


16.00 

(0.630) 

mmam 

■KiKIn 

1.10 

0.165 

1.000 







START PROOF 

HEESBI 

KlPI 

194.4 

(28.2) 

1,00 

0.267 

0.688 


DIMPLED AT 
126.5 MN/m2 

PA1-V- 

2.06 

127,0 


END PROOF 

1.93 

(0.0761 

6.99 

(0.275) 

194.4 

(28.2) 

1.00 

0.276 

0.726 

17.9 

(16.3) 

(18.34 KSI) 

7(M 

(0JO47) 

(4.9995) 

380 

START CYCLES 

mir 

(0.076) 

6.99 

(0.275) 

135.8 

(19.7) 

0.70 

0.276 

0.726 

12.0 " 
(10.9) 






END CYCLES 

5:66 

(0.1047) 

8.89 ' 

(0.3601 

135.8 
_ (19.7) 

0.70 

0.299 

1.000 

14.8 
fn Ri 

BT AT 4719- 





FRACTURE 

2.66 

(0.1047) 

8.89 

(0.350) 

243.5 

135.31) 

1.25 

0.299 

1.000 







START PROOF 

1.40 

(0.055) 

29-21 

(1.150) 

194.4 

(28.2) 

1.00 

0.048 

0.546 

20.1 

(18.3) 

DIMPLED AT 
108.2 MN/m2 
(15.69 KSI) 

PA1-Y- 

3.56 

152.6 

590 

END PROOF 

1.57 

(0.0621 

29.21 

(1.150) 

194.4 

(28.2) 

1.00 

0.054 

0.615 

22.6 

(20.61 

7(M 

(0.10081 

(6.0063) 

START CYCLES 

1.57 

(0.062) 

29.21 

(1.150) 

135.8 

(19.71 

0.70 

0.054 

0.615 

14.8 

(13.5) 

' 





END CYCLES 

2.56 

(0.10081 

29.21 

(1.150) 

135.8 

(19.7) 

j 0.70 

0.088 

1-000 

24.2 

(22.0) 

BT AT 631- 





FRACTURE 

2.56 

(0.1008) 

29.21 

(1.150) 

194.7 

(28.24) 

1.00 

0.088 

1,000 




1^ Oy - 194.4 MN/m2 (28.2 KSO 
8T- BREAKTHROUGH 





































TM»43: 


CYCLIC TESTS OF 2.67 mm (0. 105 INCH) 2219 ALUMINUM WELDS CAPABLE OF PASSING 
CYCLED AT 0.70 Oy IN ROOM TEMPERA TORE AIR (SPECIMENS NOT PROOFED) 


Oy PROOF AND 


CD 


SPECrMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH) 

Ui 2 

CJ o 
< DC 

0 “■ 
s: <t o 

5 o < 

1 o cc 

Q U 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH. 

2c 

mm (INCH) 

STRESS, a 
MN/„2 
(KSI) 


a/2c 

a/t 

STRESS 

INTENSITY, 

^Imax 

MN/^3/2 

(ksiVTnT 

REMARKS 

A1-V- 

7ai 

2.56 

(0.10021 

153.6 

(6.0065) 

520 

START CYCLES 

1.68 

(0.066) 

29.72 

(1.170) 

135.8 

<19.71 

0.70 

0.056 

0.659 


DID NOT DIMPLE 
BT AT 210^ 

END CYCLES 

(o! 10021 

UUi|H 

135.8 

(19.7) 

0.70 

0.086 

1.000 

■BOB 

FRACTURE 

2.55 

(0.1002) 

■hbjB 


1.06 

0.066 

1,000 

■9| 

At-y. 

70*2 

2.89 
(0.1 060) 

127.2 

(5.0080) 

46^ 

START CYCLES 

BBUB 

iHI 

■fEEH 

0.70 

0.117 


15.9 

(14.5) 


END CYCLES 

2.69 

(0,1059) 

191 

(19.71 

0.70 

0.168 

1.000 

20.8 

(18.9) 

FRACTURE 

2.69 

(0.10591 

16.00 

(0.630) 

218,4 

(31.68) 

1.12 

0.168 

1.000 


A1-Y. 

70-3 

2.67 

(0.1.061) 

126.9 

(4.9978) 

320 

START CYCLES 

2.06 

(0.081) 

7.11 

(0.280) 

135.8 

<19.71 

0.70 

0,289 

0.771 

12.4 

111.3) 

DIMPLING LOAD NA 
BT AT 1336- 

; END CYCLES 

2.67 

(0.1051) 

8.13 

(0,320) 

135.8 

(19.7) 

» 0.70 

0.328 

1.000 

14.2 

(12.91 

i FRACTURE 

2.67 

(0.1051) 

8.13 

(0.320) 

240.2 

(34.84) 

1,24 

0.328 

1.000 



Oy - 194.4 MN^m^ (28.2 KSl) 


BT- BREAKTHROUGH 




































Table 44: 


CYCLIC TESTS OF 2.67 mm (0.105 INCH) 2219 ALUMINUM WELDS PASSING 0.9! ayPHOOFAND CYCLED AT 0.70 ay 
IN ROOM TEMPERATURE AIR (SPECIMENS PROOFED BEFORE CYCLED) 




SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm ( INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

LOADING 

SEQUENCE 

— 

FLAW 

DEPTH, 

a 

mm nNCH)| 

i 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS, a 
MN/„,2 

(KSlf 

oy \ 

a/2c 

a/t 

STRESS 

INTENSITY. 

*^^MAX 

MN/„,3/2 

(KsiVTrJy 

REMARKS 

PA1-9- 

70-1 

2.74 

(0.1079) 

228.6 

(9,0010) 

52° 

START PROOF 

1.88 

(0.074) 

33.53 

(1.320) 

177.2 

(25.7) 

0.91 

- - 

0.056 

0.686 

23.6 

121.5) 

DIMPLED AT 
111.9 MN/m2 
(16.23 KSI) 

END PROOF 

2.11 

(0.083) 

^ 33.53 
(1.320) 

177.2 

(25.7) 

0.91 

0.063 

0.769 

26.9 

(24.5) 

START CYCLES 

2.11 

(0.0831 

33.53 

(1,320) 

135.8 
(19J) . 

0.70 

0.063 

0.769 

19.9 

(18.1) 

BT AT 193- 

END CYCLES 

2.74 

(0.1079) 

33.53 

(1.320) 

135.8 

(19.7) 

0.70 

0.082 

1.000 

25.3 

(23.0) 

FRACTURE 

2.74 

(0.1079) 

33.53 

(1.320) 

217.7 

(31.57) 

1,12 

0.082 

1.000 

— 

PA1-9- 

70-2 

2.69 

(0.1059) 

127.2 

(5.0081) 

63° 

■ 

START PROOF 

2.36 

(0.093) 

16.76 

(0.660) 

128.7 

(18.67) 

0.66 

0.141 

0.878 

18.6 

(16,9) 

DIMPLED AT 
91.1 MN/m2 
(13.21 KSI) ||> 

END PROOF 

2.69 

(0.1059) 

16.76 

(0.660) 

128.7 

(18.67) 

0.66 

0.160 

1.000 

20.2 

(18.4) 

FRACTURE 

2.69 

(0.1059) 

16.76 

(0.660) 

219.2 

(31.79) 

1.13 

0.160 

1,000 

— 

I 

PA1-9- 
70-3 ] 

2.69 

(0.1060) 

127.2 

(5.0082) 

460 

START PROOF 

2.08 

(0.082) 

7.29 

(0.287) 

177.2 

(25.7) 

0,91 

0.286 

0.774 

16.8 

115.3) 

DIMPLED AT 
115.5 MN/m2 
(16.75 KSI) 

END PROOF 

2.08 

(0.082) 

7.29 

(0.287) 

177.2 

(25.7) 

0.91 

0.286 

0.774 

16.8 

(15.3) 

START CYCLES ; 

2.08 

(0.082) 

7.29 

(0.287) 

135,8 

(19.7) 

0.70 

0.286 

0,774 

■nxiH 

END CYCLES j 

2.69 

(0.1060) 

8.26 

(0.325) 

135.8 

(19.7) 

0.70 

0.326 

1.000 

14.3 

(13.0) 

BT AT 3140~ 

FRACTURE | 

2.69 

(0.1060) 

8.26 

(0.325) 

233.7 

(33.90) 

1.20 

0.326 

1,000 

— 


PA 1-9- 
70-4 

2.65 

(0.1045) 

127.2 

(5.0073) 

! 

510 

START PROOF 

1.78 

(0.070) 

16.64 

(0.655) 

177.2 

(25.7) 

0.91 

0,107 

0.670 

20.8 

(18.9) 

DIMPLED AT 
85.0 MN/m2 

END PROOF 

1.88 

(0.0741 

16.64 

(0.655) 

177.2 

(25.7) 

0.91 

0,113 

0.708 

21,9 

(19.9) 

, (12.33 KSI) 

START CYCLES 

1.88 

(0.074) 

16.64 

(0.655) 

135.8 

(19.7J 

0.70 

0.113 

0.708 



END CYCLES 

2.65 

(0.1045) 

16.64 

(0.655) 

135.8 

(19.7) 

0.70 

0.160 

1.000 

■SDH 

BT AT 667- 

FRACTURE 

2.65 

(0.1045) 

16.64 

(0.655) 

231.6 

(33.59) 

1.19 

0.160 

1.000 




|T> cr^, = 194.4 MN/m2 (28.2 KSI) 

^ BT AT 128.7 MN/rn^ (18.67 KSI). MAX. LOAD REACHED WAS 159.5 MN/in^ (23.13 KSI) 
BT = BREAKTHROUGH 







































































Table 44 : (CONTINUED) 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm ONCH) 

WIDTH, W 
mm (INCH) 

O O 
< ^ 
o ^ 

0 g - 
2 OH 

0] 1“ ^ 
e: < o 
2 o < 

1 o cr 
0-10 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

I mm (INCH) 

f 

STRESS, cr 
MN/^2 
(KSI) 



1 

a/t 

STRESS 

INTENSITY, 

MN/^3/2 

(ksi'HnT 

REMARKS 

PA1-Y- 

85-1 

2.60 

(0.1024) 

152.5 

(6.0052) 

46° 

START PROOF 


29.72 

(1.170) 

171.7 ' 
(24.9) 

0.88 

0.056 

0.635 

20.2 ^ 
(18.4) 

DIMPLED AT 76.3 
MN/m2 (11.06 KSI) 

END PROOF 

HIElHi 

29.72 

(1.170) 

171.7 

(24.9) 

0.88 

0.064 

0.732 



START CYCLES 

HIEZHIi 

29.72 

(1.170) 

■BESn 

0.70 


0.732 

■DlHi 



MWi 

29.72 

(1.170) 


0.70 


1.000 


BT AT 172 


2.60 

(0.1024) 

29.72 

(1.170) 


1.06 

HQQII 

1.000 


PA1-Y. 

85-2 

2.69 

(0.1061) 

127.2 

(5.0066) 

63° 

i 

START PROOF 

2.21 

(0.087) 

16.13 

(0,635) 

163.4 

(23.7) 

0,85 

0.137 

0,820 

22.7 

(20.7) 

DIMPLED AT 110.3 
MN/m2 (16.00 KSI) 

BT AT 163 

END PROOF 

2.29 

(0.090) 

16.13 

(0.635) 

163.4 

(23.7) 

0.85 

0.142 

0.848 

IHBEHI 

START CYCLES 

2.29 

(0.090} 

16.13 

(0.635) 

135.8 

(19.7) 

0.70 

0.142 

0.848 

19.0 

(17.3) 

END CYCLES 

2.69 

^ 10.1061J 

16.13 

(0.635) 

135.8 

(19.7) 

0.70 

0,167 

1.000 

20.9 

(19.0) 

FRACTURE 

2.69 

(0.1061) 

16.13 

(0.635) 

225.9 

(32.76) 

1.16 

0.167 

1.000 


PA1-Y- 

70-1 

(0.1021) 

162.6 

(6.00641 


START PROOF 

1.65 

(0.065) 

1 29.97 

i (1.180) 

177.2 

(25.7) 

0.91 

0.055 

0.637 

21.1 

(19.2) 

DIMPLED AT 85.4 
MN/m2 (12.39 KSI) 


END PROOF 

1.91 

(0.075) 

29.97 
! 11.180) 

^ 177.2 

...„(25,7) 

0,91 

0.064 

0.735 

24.7 

(22.5) 

49 

START CYCLES 

1.91 

(0,075} 

29.97 

(1.180) 

135.8 

(19.7) 

0.70 

0.064 

0.735 

18.2 

(16.6) 

BT AT 190 


END CYCLES 

2.59 

(0.1021) 

29.97 

(1.180) 

135.8 

(19.7) 

0.70 

0.087 

1.000 

24.4 

(22.2) 


FRACTURE 

2.59 

(0.1021) 

29.97 

(1.180) 

( NA ) 

— 

0.087 

. 

1,000 

— 


!> Oy = 194.4 MN/m^ (28.2 KSI) 


BT = BREAKTHROUGH 


















































Table 45: CYCLIC TESTS OF 2.67 mm (0. W5 INCH} 2219 ALUMINUM WELDS CAPABLE OF PASSING 0.91 Ou PROOF 
AND CYCLED AT 0.70 Oy IN ROOM TEMPERA TUREAIR (SPECIMENS NOT PROOFED) ^ 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mnn (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS, a 
MNf^2 

(KSI) 

t> 

a/2c 

a/t 

STRESS 

INTENSITY, 

'^^MAX 

MN/,^3/2 

(ksi^^nT 

REMARKS 





START CYCLES 

1.78 

(0.070) 

33.78 

(1.330) 

135.8 

(19.7) 

0.70 

0.053 

0.648 

16.4 

(14.9) 

DIMPLING LOAD N.A. 

A1-9- 

70-1 

2.75 

(0.1081) 

228.7 

(9.0050) 

28° 

END CYCLES 

2.75 

(0.1081) 

33.78 

(1.330) 

■ReKIH 

0.70 

0.081 

—i 

25.4 

(23.1) 

BT AT 155- 





FRACTURE 

2.75 

(0.1081) 

33.78 

(1.330) 

213.3 

(30.94) 

1.10 

0.081 


— 

■■■mi 





START CYCLES 

2.16 

(0.085) 

16.64 

(0.666) 

■ueEhI 

0.70 

0.130 

0.804 

18.4 

(16.7) 

DIMPLED AT 

85.4 MN/m2 (12.38 KSI) 

BT AT 156- 

Al-9- 

70-2 

2.68 

(0.1057) 

127.2 

(5.0090) 

59° 

END CYCLES : 

2.68 

(0.1057) 

16.64 

(0.655) 

■BESZHI 

0.70 

0.161 

1.000 

21.1 
• (19.2) 





FRACTURE 

2.68 

(0.1057) 

16.64 

(0.655) 

205.5 

(29.80) 

1.06 

0.161 

1.000 

— 


A1-9- 

70-3 

2.70 

(0.1063) 



START CYCLES 

1.91 

(0.075) 

7.24 

(0.285) 

135.8 

(19.7) 

0.70 

0.263 

0.706 

12.1 

(11.0) 

DIMPLED AT 1160- 

127.2 

(6.0074) 

6° 

END CYCLES 

2.70 

(0.1063) 

8.38 

(0.330) 

135.8 

(19.7) 

0.70 

0.322 

1.000 

14.4 

(13.1) 

BT AT 2170- 





FRACTURE 

2.70 

(0.1063) 

8.38 

(0.330) 

240.3 

(34.94) 

1.24 

0.322 

1.000 

— 


A 1-9- 
70-4 

2.68 

(0.1057) 

127.2 

(5.0078) 


START CYCLES 

1.80 

(0.071) 

16.64 

(0.655) 

135.8 

(19.7) 

0.70 

0.108 

0.672 

15.5 

(14.1) 

DIMPLED AT 

122.7 MN/m2 (17.80 KSI 

64° 

END CYCLES 

2.68 

(0.1057) 

16.64 

(0.656) 

135.8 

(19.7) 

0.70 

0.161 

1.000 

21.1 

(19.2) 

BT AT 571- 





FRACTURE 

2.68 

(0.1057) 

17.45 

(0.687) 

195.4 

(28.34) 

1.01 

0A54 

1.000 

— 



D> CTy = 194.4 MN/m2 (28.2 KSII 
BT = BREAKTHROUGH 







































Table 46: 


CYCLIC TESTS OF 7.62 mm (0.300 INCH) 2219 ALUMINUM WELDS PASSING ay PROOF AND CYCLED A T 
0.85 ay IN ROOM TEMPERA TORE AIR (SPECIMENS PROOFED BEFORE CYCLED) 


SPECIMEN' 

NUMBFP 

■■ H 

— 

t 

ilHiCKNESS 

t 

1 mrn (INCH) 

— 

WIDTH, W 
mr^' (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

LOADING 

SEQUENCE 

FLAW 

depth, 

a 

mm ONCH) 

1 FLAW 
1 LENGTH. 

2c 

mm (INCH) 

STRESS, c 
MN^^2 
(KSII 

%v 

D> 

! 

1 

a/2c 

' 

1 

a/t 

STRESS 

INTENSITY, 

'^^MAX 

MN,'r^,3/2 

(ksi'^TnI 

REMARKS 

PA3-Y- 

85-1 

— 

7,61 

{0.2988} 

228.5 

(8.9980) 

48° 

START PROOF 



172.4 

(25.0) 

0.97 

0.144 

0.727 


DIMPLED AT 
81.3 MN/m2 
(11.79 KSI) 

END PROOF 

6.22 

(0.245) 

38.74 

(1.525) 

172.4 

(25.0) 

0.97 

0.161 

0.817 

39.0 ^ 

(35.5) 

START CYCLES 

6,22 

(0,245) 


151.7 

(22.0) 

0.70 

0.161 

0.817 

33.6 

(30.6) 

END CYCLES 

7.61 

(0.2998) 

40.89 

(1.610) 

151.7 

(22.0) 

0.70 

0.186 

1.000 

38.2 

(34.8) 

BT AT 70- 

FRACTURE 

7.61 

(0.2998) 

40,89 

(1.610) 

199.3 

(28.91) 

1.12 


1.000 

— 

i 

PA3-Y- ! 
85-2 1 

1 
i 

7.63 

I (0.3005) 

127.1 

(5.0002) 

37° 

START PROOF 

5.64 

(0.222) 

21.08 

(0.830) 

176.5 

(25.6) 

0.99 

0.267 

0.739 

28.5 

(25.9) 

DIMPLED AT 
97.3 (WN/m2 
(14.11 KSI) 

BT AT 216~ 

END PROOF 

6.22 

(0.245) 

21.08 

(0.830) 

176.5 

(25.61 

0.99 

( 

0.295 

1 0.815 

29.2 

(26.6) 

START CYCLES 

6.22 

(0.245) 

21.08 

(0.830) 

151.7 

(22.0) 

0.70 

0.295 

1 0.815 

24.7 

(22.5) 

END CYCLES 

7,63 

(0.3005) 

23.62 

(0.930) 

151,7 

(22.0) 

0.70 

0.323 

1 

1 1.000 

i 

27.5 

(25.0) 

FRACTURE 

7.63 

(0.3005) 

23.62 

(0.930) 

193.1 

(28.00) 

i 1.08 

0.323 

) 

1 1 .000 

— 


PA3-Y- 

85-3 

1 

1 

7.62 

(0.3000) 

! 

! 

88.9 

(3.5012) 

1 

START PROOF 

5.84 

(0.230) 

14.78 

(0.582) 

173.5 

(25.16) 

0.97 

0.395 

0.767 

21.7 

(19.7) 

DIMPLED AT 
109.3 MN/m2 
(15.85 KSI) 

BT AT 369~ 

END PROOF 

5.97 

(0.235) 

15.49 

(0.610) 

173.5 

(25.16) 

0,97 

0.385 

0.783 

22.5 

(20.5) 

38^ 

START CYCLES 

5.97 

(0.235) 

15.49 

(0.610) 

151.7 

(22.0) 

0.70 

0.385 

0.783 

i 19.5 

(17.7) 


END CYCLES 

7.62 

(0.3000) 

20.96 

(0.825) 

151.7 

(22.0) 

0.70 1 

0.364 

1.000 

26.7 

(23.4) 

I 

^ 


FRACTURE 

7.62 

(0.3000) 

20.96 

(0.825) 

174.1 

(25.25) 

0.97 1 

0.364 

1.000 

— 





BT« BREAKTHROUGH 






































Table 47 : CYCLIC TESTS OF 7.62 mm { 0.300 INCH) 2219 ALUMINUM WELDS CAPABLE OF PASSING o^PHOOF 
AND CYCLED A T 0.85 Oy IN ROOM TEMPERA TUREAIR (SPECIMENS NOT PROOFED) 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION PROM 
CRACK TIP 

— 

LOADING 

SEQUENCE 

F LAW 
DEPTH. 

a 

mm (INCH) 

FLAW 

LENGTH, 

2 c 

mm (INCH) 

STRESS, 0 
MN /„2 

(KS)) 

! 

oy 

KSy 

D> 


a/t 

STRESS 

INTENSITY, 

MN/^3/2 

(ksiiHnT 

REMARKS 

<00 

7.64 

(0.3006) 



^ — 

START CYCLES 

5.66 

(0.223) 

37.92 

(1.493) 

151.7 

( 22 . 0 ) 

0.85 

0.149 

0.742 

30.9 

(28.1) 

DIMPLING LOAD N.A. 

228.5 

(8.9980) 

51 0 

END CYCLES 

7.64 

(0.3006) 

37.92 

(1.493) 

151.7 

( 22 . 0 ) 

0.85 

0.201 

1.000 

36.9 

(33.6) 

8 T AT 63~ 





FRACTURE 

7.64 

(0.3006) 

37.92 

(1.493) 

203.1 

(29.45) 

1.14 

0.201 

1.000 

— 






START CYCLES 

5.64 

( 0 . 222 ) 

21.08 

(0.830) 

151.7 

( 22 . 0 ) 

0.85 

0.267 

0.745 

24.1 

(21.9) 

DIMPLED AT 

92.8 MN/m2 (13.46 KSI) 

A3-Y- 

85-2 

7.67 

(0.2979) 

127.3 

( 6 . 0011 ) 

510 

END CYCLES 


24.38 

(0.960) 

151.7 

( 22 . 0 ) 

0.85 

0.310 

1.000 

27.9 

(25.4) 

BT AT 275~ 





FRACTURE 

7.57 

(0.2979) 

24.38 

(0.960) 

187.8 

(27.23) 

1.05 

0.310 

1.000 

— 


A3-Y- 

85-3 

7,76 

(0,3056) 

88.9 

(3.4997) 



5.87 

(0.231) 

14.61 

(0.575) 

151.7 

( 22 . 0 ) 

0.85 

0.402 

0,756 ' 


DIMPLED AT 

108.9 MN/it >2 (15.80 KSI 

33° 


7.76 

(0.3056) 

21.21 

(0.835) 

151.7 

( 22 . 0 ) 

0.85 


1.000 


BT AT 455*^ 





FRACTURE 

7.76 

(0.3056) 

21.21 

(0.835) 

179,1 

(25.97) 

1.00 

0.366 

1.000 

— 

■■■■■ 


= 178.6 MN/m2 ( 25.9 KSI) 


BT« BREAKTHROUGH 

















































































Table 48: 


CYCLIC TESTS OF 7.62 mm (0.300 INCH} 2213 ALUMINUM WELDS PASSING 
IN ROOM TEMPERA TORE AIR (SPECIMENS PROOFED BEFORE CYCLED) 


ay PROOF AND CYCLED AT 0.70 ay 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS, o 
MN/^2 
(KSIf 



D> 

1 

a/2c 

• 

a/t 

STRESS 

INTENSITY, 

*^I|VIAX 

MN/^3/2 

(KSivlrjT 

REMARKS 





START PROOF 

5.59 

(0.220) 

38.10 

(1.500) 

175.1 

(25.4) 

0.98 

0.147 

0.733 

36.3 

(33.0) 

DIMPLED AT 
81.2 MN/m2 

PA3-Y- 

7.62 

228.5 


END PROOF 


38.35 

(1.510) 


0.98 

0.168 

0.843 

40.6 

(36.9) 

'(11.78 KSI) 

70-1 

(0.3001 1 

(8.9970) 


START CYCLES 


38.35 

(1.510) 

124.8 

(18.1) 

0.70 

0.168 

0.843 

27.6 

(25.1) 






END CYCLES 

7.62 

(0.30011 


■com 

0.70 

HIM 

1.000 


BT AT 265~ 





FRACTURE 



7.62 

(0.3001) 

39.75 

(1.565) 

196.5 

(28.50) 

1.10 

■iiM 

1.000 







START PROOF 

5.59 

(0.220) 

20.96 

(0.825) 


0.96 

0.267 

0.733 

1 27.4 

(24.9) 

DIMPLED AT 
102.9 MN/iti2 

PA3-Y- 

7.63 

127.0 

53° 

END PROOF 

6.10 

(0.240) 

21.34 

(0.840) 

171.4 

(24.86) 

0.96 

0.286 

0.799 

28.5 

(25.9) 

(14.92 KSI) 

70-2 

(0.3002) 

(5.0004) 

START CYCLES 

6.10 

(0.240) 

21.34 

.-,10.:Wi 

124.8 

(18,1) . 

0.70 

0.286 

0.799 

20.0 

(18.2) 






END CYCLES 

7.63 

(0.3002) 

25.15 

(0.9901 

124.8 

(18.1) 

0.70 

0.303 

1,000 

23.0 

(20.9) 

BT AT 975~ 





FRACTURE 

7.63 

(0-3002) 

25.15 

(0.990) 

134.8 

(19.55) 

0.75 

0.303 

1,000 

— 





1 

! 

START PROOF 

5.97 

(0.235) 

15.11 

(0.5951 

166.2 

(24.1) 

0,93 

0.395 

0.783 

21.0 

(19.1) 

DIMPLED AT 
100.7 MN/m2 

PA3-Y- 

70-3 

7.62 

(0.3000) 

88.9 

(3.5017) 


END PROOF 

6.48 

(0.255) 

15.93 

(0.627I 

166.2 

(24.1) 

0.93 

0,407 

0.850 

in 

(20.1) 

(14.61 KSI) 

35° 

START CYCLES 

6.48 

(0.255) 

15.93 

(0.627) 

124.8 

(18.1) 

0.70 

0.407 

0.850 

16.3 

(14.8) 






END CYCLES 

7.62 

(0.3000) 

19.43 

(0.765) 

124.8 

(18.1) 

0.70 

0.392 

1.000 

19.9 

(18.1) 

BT AT 1002- 





FRACTURE 

7.62 

(0.3000) 

19.43 

(0.765) 

187.1 

(27.13) 

1.05 

0.392 

1.000 

— 



oy = 178.6 MN/m2 (25.9 KSI) 


BT = BREAKTHROUGH 





































Table 49: CYCLIC TESTS OF 7.62 mm (0.300 INCH) 2219 ALUMINUM WELDS CAPABLE OF PASSING PROOF 
AND CYCLED AT 0.70 Oy IN ROOM TEMPERA TUREAIR (SPECIMENS NOT PROOFED) ^ 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCHL 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 


1 

flaw 

DEPTH. 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS, 0 
MN/^2 

(KSI) 

D> 

— 

di ! 2 c 

a/t 

STRESS 

INTENSITY, 

'^Imax 

MN/m3/2 

(ksiyInT 

REMARKS 

A3-Y‘ 

70-1 

7.63 

(0.3002) 

228.5 

(8.9980) 


START CYCLES 

5.46 

(0.215) 

kssh 

124.8 

(18.1) 

0.70 

0,146 

0.716 

24.1 

(21.9) 

DIMPLED AT 

91.2 IVlN/m2 (13.22 KSI) 

440 

END CYCLES 

7.63 

(0.3002) 


124.8 

(18.1) 

0.70 

0.198 

1.000 

30.0 

(27.31 

0T AT 353- 





FRACTURE 

7.63 

(0.3002) 

38.61 

(1.520) 

194.5 

(28.21) 

1.09 


1.000 

— 

■■mm 

A3-Y- 

70-2 

7.62 

(0.2999) 

127,0 

(5.0010) 


START CYCLES 

5.61 

(0.221) 

21.08 

(0.830) 

124.8 

(18.1) 

0.70 

0.266 

0.737 

19.3 

(17.6) 

DIMPLED AT 

106.7 MN/m2 (15.47 KSI! 

420 

END CYCLES 

7.62 

(0.2999) 

26.27 

(0,995) 

124.8 

(18.1) 

0.70 

0.301 

1.000 

23.0 

(20.9) 

BT AT 938*“ 





FRACTURE 

7,62 

(0.2999) 

55:57 

(0.995) 

NA 

— 

0.301 

1.000 

— 


A3-Y- 

70-3 

7.62 
(0.3001 ) 

88.9 

(3.4984) 


START CYCLES 

4.90 

(0.193) 

13.97 

(0.550) 

124.8 

(18.1) 

0.70 

0,351 

0.643 

14.6 

•:i3.2) 

DIMPLING LOAD N.A. 

22° 

END CYCLES 

7.62 

(0.3001) 

20.70 

-iQ.815) 

124.8 

(18.1) 

0.70 

0.368 

1.000 

20.7 " 

(18.8) 

BT AT 2000- 





FRACTURE 

7,62 

(0.3001) 

20.70 

(0.815) 

182.2 

(26.43) 

1.02 

0.368 

1.000 



A3-Y- 

70*4 

7.59 

(0.298B) 

88.8 

(3.4970) 


START CYCLES 

5.59 

(0.220) 

15.11 

(0.595) 

124.8 

(18.1) 

0.70 

0,370 

0.736 

15.5 

(14.1) 

DIMPLED AT 

99.6 MN/m2 (14.45 KSI) 

45° 

END CYCLES 

7.59 

(0.2988) 

19.56 

(0.770) 

124.8 

(18.11 

0.70 

0.388 

LOOO 

20.0 

(18.2) 

BT AT 1309~ 





FRACTURE 

7.59 

(0.2988) 

19.56 

(0.770) 

178.2 

(25.84) 

1.00 

0.388 

1.000 

— 



D> Oy = T78.6 MN/m2 (25.9 KSIl 


BT = BREAKTHROUGH 































Table 50: CYCLIC TESTS OF 7.62 mm (0.300 INCH) 2219 ALUMINUM WELDS PASSING 0.31 ay PROOF AND CYCLED AT 0.70 oy 

IN ROOM TEMPERATURE AIR (SPECIMENS PROOFED BEFORE CYCLED} 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

1 

COADING 

SEQUENCE 

! 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS. 0 
MN/^2 

(KSI) 

Xov 

[> 

a/2c 

— 

a/t 

STRESS 

INTENSITY, 

MN/^3/2 

(KSI'^ 

REMARKS 

PA3-9- 

701 

7.56 

(0.2975) 

228.6 
(9.001 0) 

43*^ 

START PROOF 

6.35 

(0.250) 

41.02 

(1.615) 

162.7 

(23.6) 

0.91 

0.155 

0.840 

38.0 

(34.6) 

DIMPLED AT 

74.3 MN/m2 (10.78 KSI) 

BT AT PROOF LOAD 

END PROOF 

7.56 

(0.2975) 

41.02 

(1.615) 

■dsqh 

0.91 

0.184 

1.000 


FRACTURE 

7.56 

(0.2975) 

41.02 

(1.615) 

194.3 

(28.18) 

1.09 

0.184 

1.000 

— 

■■■■ 

PA3-9- 

702 

7.69 

(0.3027) 

127.1 

(5.0040) 

54^^ 

START PROOF 


23.95 

(0.943) 

162.7 

(23.6) 

0.91 

0,265 

0.826 

29.1 

(26.5) 

DIMPLED 'AT 

95.6 MN/m^ (13.86 KSI) 

BT AT 251 ~ 

END PROOF 

6.83 

(0.269) 

24.64 

(0.970) 

162.7 

(23.6) 

0.91 

0.277 

0.889 

30.1 

(27.4) 

START CYCLES 

6.83 

(0.269) 

24.64 

(0.970) 

124.8 

(18.1) 

0.70 

0.277 

0.889 

22.5 

(20.5) 

END CYCLES 

7.69 

(0.3027) 

25.91 

(1.020) 

124.8 

(18.1) 

0.70 

0.297 

1.000 

23.4 

(21.3) 

FRACTURE 

7.69 

(0.3027) 

25.91 

(1.020) 

191.2 

(27.731 

1.07 

0.297 

1.000 

— 


PA3'9- 

703 

7.66 
(0.301 6) 

89.0 

(3.5040) 

40“ 

START PROOF 

6.20 

(0.244) 

14.94 

(0.588) 

162.7 

(23.6) 

0.91 

0.415 

0.809 

20.3 

(18.5) 

DIMPLED AT 

101.1 MN/m2 (14.67KSI) 

BT AT 760-- 

END PROOF 

6.68 

(0.263) 

15.62 

(0,615) 

162.7 

(23.6) 

0.91 

0.428 

0.872 

21.2 

(19.3) 

START CYCLES 

6.68 

(0.263) 

15.62 

(0.615) 

124.8 

.. L1.8,1) . ... 

0,70 

1 

0.428 

0.872 

16.0 

(14.6) 

END CYCLES 

7.66 

(0.3016) 

18.03 

(0,710) 

124.8 

(18.1) 

1 

0.70 

0.425 

1.000 

18.6 

(16.9) 

FRACTURE 

7,66 

(0,3016) 

18.03 

(0.710) 

188.3 

(27.31) 

1.05 

0.425 

1.000 

— 

PA3-9- 

704 

7.63 

(0.3002) 

228,7 

(9.0040 


START PROOF 

5.84 

(0.230) 

41.28 

(1.625) 

168.2 

(24.39) 

0.94 

0.142 

0.766 

26.7 

(33.4) 

DIMPLED AT 

91.4 MN/m2 (13.26 KSI) 

BT AT 245~ 

48° 

END PROOF 

6.12 

(0.241) 

41.28 

(1,625) 

168.2 

(24.39) 

0.94 

0.14S 

0.803 

38.2 

(34.81 

START CYCLES 

6.12 

(0.241) . . 

41.28 

..(1.625) 

124.8 

0.70 

0.148 

0.803 

27.3 

(24.8) 

END CYCLES 

7.63 

(0.3002) 

41.28 

(t.625) 

124.8 

.. i18.1) _ . 

0.70 

0.185 

1.000 

31.0 

(28.2) 


FRACTURE 

7.63 

(0.3002) 

41.28 

(1.625) 

198.2 

(28.751 

1.11 

0,185 

1.000 

Hi., -sraarsaa 


[> Oy = 178.6 MN/m2 (25.9 KSO 
BT = BREAKTHROUGH 




















































Table 51: 


CYCLIC TESTS OF 7.62 mm (0.300 INCH} 2219 ALUMINUM WELDS CAPABLE OF PASSING 0.91 a„ PROOF 
AND CYCLED AT 0.70 Oy IN ROOM TEMPERATURE AIR (SPECIMENS NOT PROOFED} ^ 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 


FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2 c 

mm (INCH) 



STRESS, a 
MN/„,2 

IKSI) 

/Oy 

D> 

a/ 2 c 

a/t 



STRESS 

INTENSITY, 

'^Imax 

MN/^ 3/2 

(ksivTnT 

REMARKS 

A3-9- 

70-1 

(asTOO) 

228.6 

(9.0010) 

34° 

START CYCLES 

5.99 

(0.236) 

41.02 

(1.615) 

124.8 

(18.1) 

0.70 

0.146 


26.2 

(23.8) 

DIMPLING LOAD N.A. 
BT AT 193^ 

END CYCLES 

7.85 

(0.3090) 

42.42 

(1.670) 

124.8 

(18.1) 

0.70 

0.185 

1.000 

31.4 

(28.6) 

FRACTURE 

7.85 1 

(0.3090) 

42.42 

(1.670) 

NA 

— 


1.000 

— 

A3-9- 

70-2 

7.67 

(0.3020) 

127.0 

(5.0012) 

450 

START CYCLES 


24.13 

(0.950) 


0.70 

0.258 

0.811 


DIMPLING LOAD N.A, 
BT AT 324- 

END CYCLES 

7,67 

(0.3020) 

25.65 

(1.010) 

124.8 

(18,1) 

0.70 

0.299 

1.000 

23.2 

(21.1) 

FRACTURE 

7.67 

(0.3020) 

25.65 

(1.010) 

191.7 

(27.81) 

1.07 

0.299 

1.000 

— 

A3-9- 

70-3 

7.63 

(0.3002) 

89.0 

(3.5027) 

270 

START CYCLES 

6.10 

(0.240) 

15.04 

(0.592) 

124.8 

(18.1) 

0.70 

0.405 

0.799 

15.4 

(14.0) 

DIMPLED AT 

114.7 MN/m2(16.64 KSI) 

ST AT 883- 

END CYCLES 

7.63 

(0.3002) 

19.56 

(0,770) 

124.8 

(18.1) 

0.70 

0.390 

1.000 

20.0 

(18.2) 

FRACTURE 

7.63 

(0.3002) 

19.56 

(0.770) 

172.7 

(25.05) 

0.97 

0.390 

1.000 

— 


I> ay = 178.6 MN/m2 (25.9 KSIt 


BT = BREAKTHROUGH 

































Table 52: 


CYCLIC TESTS OF 0.51 mm (0.020 INCH) 6AI-4VSTA TITANIUM WELDS PASSING ay PROOF AND CYCLED AT 0.85 oy, 
R = OIN ROOM TEMPERA TORE AIR (SPECIMENS PROOFED BEFORE CYCLED) 


SPECIMEN 

number 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION PROM 
CRACK TIP 

1 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

— 

FLAW 

LENGTH, 

2c 

mm UNCH) 

STRESS, a 
MN/^2 

(KSI) 

oy 

D> 

a/2c 

a/t 

STRESS 

INTENSITY, 

'^Imax 

MN/„3/2 

(Ksi'nrsr 

REMARKS 

PT-02-Y 

0-53 

■ -n— 1 

30.51 

220 

START PROOF 

0.28 

(0.011) 

3.12 

(0.123) 

952 

(138.0) 

0.93 

0.089 

0.529 

40.3 

(36:7) 


85-1 . 

( 0.0208) • 

11.2011) 

END PROOF 

— ^ 

— 


0.93 

— 


- 






0.25 

(0.010) 

1.68 

(0.066) 

1020 

(147.9) 

1.00 

0.152 

0.457 

36.2 

(32.9) 


PT 02-Y- 
85-2 

0.S6 

(0.0219) 

30.46 

(1.1991) 

550 

END PROOF 

0.25 

(0.010) 

1.^ 

(0.066) 

1020 

(147.9) 

1.00 

0.152 

■Blj 

3BI2 

(32.9) 


START CYCLES 

0.25 

(0.010) 

1.68 

(0.066) 

867 

(125.7) 

0.85 

0.152 



DIMPLED AT 285- 






0.56 

(0.0219) 


867 

U25.7) 



1.000 

■EEBB 

BT AT 319- ‘ 





FRACTURE 



mmgmiwm 

1.02 


1,000 

— 






START PROOF 

0.30 

(0.012) , 

1.02 

(0.0401 

1020 

(147.9) 

1.00 


0.571 


DIMPLED AT 851 
MN/m2 (123,4) KSI) 





END PROOF 

■RsnnH 

1.02 

(0.040) 

1020 

(147.91 

1.00 

0.300 

0.571 

BjRQQBII 


PT 02- Y- 
85-3 

0.63 

(0.0210) 

30.47 

(1,1997) 

240 

START CYCLES 

0.30 

(0.012) 

1.02 

{0.040J 

867 

. (125.7) 

0.85 

0.300 

0.571 

27.1 

(24.7) 






END CYCLES 

0.53 

(0.0210) 

1.91 

(0.075) 

iIt 

(125.7) 

0.85 

0.280 

1.000 

45.5 

iAlAl 

BT AT 414- 





FRACTURE 

0.53 

(O.Q21(iL 

1.91 

(0.075) . 

1047 

(151.8) 

1,03 

0.280 

1.000 



PT 02-Y- 

0.50 

30.40 


START PROOF 

0.30 

(0.012) 

3.12 

(0.123) 

964 

(138.4) 

0.94 

0.098 

0.606 

44.6 

(40.6) 

DIMPLED AT 881 
MN/m2 (127.8 KSI) 

85-4 

(0.0198) 

(1.1970) 


END PROOF 

— 

— 

954 

(138.4) 

0.94 

— 

— 

— 

FAILED IN PROOF 

PT 02- Y- 

0.54 

30.65 


START PROOF 

0.25 

(0.010) 

3.30 

(0.130) 

1007 

(146.1) 

0,99 

0.077 

0.472 

40.0 

(36.4) 

DIMPLED AT 674 
MN/m^ (97.7 KSI) 

85-5 

(0.0212) 

(1.2065) 


END PROOF 

— 

— 

1007 

[146.1L 

0.99 

— 

— 

— 

FAILED IN PROOF 

PT 02- Y- 

0.54 

30.59 


START PROOF 

0.25 

(0.010) 

3.18 

(0.125) 

1011 

(146,7) 

0.99 

0.080 

0.469 

40.0 

(36.4) 

DIMPLED AT 698 
MN/m2 (101.2 KSI) 

85-6 

(0.0213) i 

(1.2045) 

48° 

END PROOF 

— 

— 

1011 

(146^.7) 

0,99 

— 

— 

— 

FAILED IN PROOF 





START PROOF 

0.15 

(0.006) 

!f!5? 

(0.116) 

1H0 

(147.9) 

1.00 

0.052 

0.282 

3o5 

DIMPLED AT 

761 MN/m2 (110.4 KSD 



an 

(1.1967) 


END PROOF 

0.15 ^ 

(0.006) 

2.95 

(0.116) 

1020 

(147.9) 

1.00 

0.052 

0.282 

Lsijj 


PT 02 Y 
85-7 

0 

(0.0213) 

m r* 

START CYCLES 

u. 15 
f0.006) 

(0.116) 

GC7 

(125.7) 

0.85 

0.052 

0.282 

n 

121.81 






END CYCLES 

0 54 
(0.0213) 

2.95 

(0.116) 

867 

(125.7) 

0.85 

0,184 

1.000 

58.7 

(53.4) . 

BT AT 512- 





FRACTURE 

0.54 

(0.0213) 

2.95 

(0.116) 

1022 

(148.2) 

1.00 

0.184 

1.000 

— 



B> Oy = 1020 MN/m2 (147.9 KSK 


BT = BREAKTHROUGH 



















































Table 53: CYCLIC TESTS OF 0.51 mm (0.020 INCH) 6AI-4VSTA TITANIUM WELDS CAPABLE OF PASSING 

Oy PROOF AND CYCL ED AT 0.85 Oy, R=^OIN ROOM TEMPERA TUREAfR (SPECIMENS NOT PROOFED) 


SPECIMEN 

NUMBER 

THICKNESS 
mm (INCH) 

• 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION PROM 
CRACK TIP 

r— n 

LOADING 
! SEQUENCE 

FLAW 

depth, 

a 

mm (INCH) 

FLAW 
I LENGTH, 

2c 

mm (INCH) 

STRESS. 0 
MN/^2 
(KSI) 

0 / 
O 

a/2c 

a/t 

STRESS 

INTENSITY, 

*^^MAX 

MN/^3/2 

(ksiiHnT 

REMARKS 

T 02- Y- 

n 

*50 CC 


START CYCLES 

0.25 

(0.010) 

3.05 

(0.120) 

867 

(125.7) 

0.85 

0.083 

' 

0.478 

33.2 
t30 9) 

DIMPLED AT 107- 

85-1 

/0.0209) 

OU.OD 

11.2030) 

10O 

END CYCLES 

0.53 

(0.0209) 

3.05 

(0.120) 

867 

(125.7) 

0.85 

0.174 

1,000 


BT AT ITO’v 





FRACTURE 



NA 

— 

0-174 

1.000 



T 02- Y- 
85-2 

0.54 
(0.021 1 ) 

30.51 

(1.20121 


START CYCLES 

0.20 

(0.008) 

1.67 

(0.062) 

867 

(125.7) 

0.85 

0.129 

0.379 


DIMPLED AT 19~ 

45« 

END CYCLES 
\ — ^ 

0.54 

(0.0211) 

1.73 

(0.068) 

\ 867 

(125.7) 

0.85 

0.310 

1.000 


BT AT 375~ 





FRACTURE 

0.54 

(0.0211) 

1.73 

(0.068) 

r 1019 

(147.8) 

1.00 

0.310 

1,000 


■■■■■■ 

T 02- Y- 

0.54 
(0.021 2t 

30.54 

(1.2023) 

no 

START CYCLES 



867 

(125.7) 

0.85 

0.275 

0.519 

26.5 

(24.1) 

DIMPLED AT 

867 MN/tfl2 (125.7 KSI) 

BT AT 31 8~ 

85-3 

END CYCLES 

0.54 

(0.0212) 

1.27 

(0.050) 

867 

(125.7) 

0.85 

1 

0.424 

1.000 

34.7 

(31.6) 





FRACTURE 

0.54 

(0.0212) 

1.27 

(0.050) 

1082 

(156.9) 

1.06 

0.424 

1.000 




E> Oy = 1020 MN/m2 {147.9 KSI) 


BT = BREAKTHROUGH 













































Table 54: 


CYCLIC TESTS OF 0.51 mm (0.020 INCH) 6 AI-4V STA TITANIUM WELDS PASSING oyPROOFAND CYCLED AT 0.70 ov 
R = 0!N ROOM TEMPERA TURE AIR (SPECIMENS PROOFED BEFORE CYCLED) ^ 


SPECIMEN 

NUMBER 

THICKNESS 
mm (INCHI 

r 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

— 

ij 

<( 

\ 

\ LOADING 

I SEQUENCE 

•^LAW 

DEPTH, 

a 

min (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS, cy 
MN/^2 
(KSi^ 

oy 

D> 

a/2c 

a/t 

1 

STRESS 

INTENSITY, 

*^Imax 

MN/^ayj 

(ksivTnT 

REMARKS 

PT02-Y 

70-1 

0,54 

(0,0213) 

30.44 

(1.1984) 

35“ 

START PROOF 

0.18 

(0.007) 



0.99 

0.078 

0.329 

43.2 

(39.3) 

DIMPLED AT 

841 MN/m2 (122.0 KSI) 

END PROOF 

0.30 

(0.012) 

2.29 

(0.090) 

1005 

(145.7) 

0.99 

0.133 

0.563 


START CYCLES 

0.30 

(0.012) 

2.29 

(0.090) 

714 

(103.5) 

0.70 

0.133 

0.563 


BT AT 445- 

END CYCLES 

0.54 

(0.0213) 

HtSXSiuB 


0.70 

0,237 

1.000 

■kmrH 

FRACTURE 

wsswm 

VoioaEn 


980 

1142.2) 

0.96 

0.237 

1.000 


IIIIBIBiIBi' 

PT 02- Y- 
70-2 

0.53 

(0.0209) 

30.46 

(1.1993) 

47° 

START PROOF 



1020 

(147.9) 

1.00 

0.109 

0.335 

30.3 

(27.6) 

DIMPLED AT 

847 MN/m2 {122.9 KSI) 

BT AT 1090- 

END PROOF 

0.18 

(0.007) 

1,63 

(0.064) 

1020 

(147.9) 

1.00 

0.109 

0,335 

■E2EIHI 

START CYCLES 

0,180 

(0.007) 

1.63 

(0,064) 

714 

(103.5) 

0.70 

0.109 

0.335 

20.1 
• (18.3) 

END CYCLES 

b.53 

(0.0209) 

1.80 

(0.071) 

714 

(103.5) 

0.70 

0.294 

1.000 

35.4 

(32.21 

FRACTURE 

(>.53 n 
(0.0209) 

risir 

(0.071) 

S56 

(143.0) 

0,97 

"n. ' 

0.294 

1.000 

— 


PT02-Y- 

70-3 

0 !54 
(0j0212) 

30.48 

(1.2000) 

36° 

START PROOF 

0.23 

(0.009) 

1.07 

(0.042) 

1020 

(147.91 

1.00 

0.214 

0,425 

30.6 

(27.8) 

DIMPLED AT 

939 MN/m2 (136.2 KSI) 

END PROOF 

0.23 

(0.009) 

1.07 

(0.042) 

1020 

(147.9) 

1.00 

0.214 

0.425 

30.6 

(27.81 

START CYCLES 

0.23 

(0.009) 

1,07 

(0.042) 

714 

(103.5) 

0.70 

0.214 

0.425 

20.4 

(18.61 


END CYCLES 

0.54 

(0.0212) 

1.70 

(0.067) 

714 

(103.5) 

0.70 

0.316 

1.000 

34.2 

(31.1) 

BT AT 1918- 

FRACTURE 

0.54 

(0,0212) 

1.70 

(0.067) 

1015 

(147.2) 

1.00 

0.316 

1,000 

— 



D> CTy = 1 020 IVI IM6m2 ( 1 47.9 KS I ) 


BT = BREAKTHROUGH 



















































Table 55: CYCLIC TESTS OF 0.5 1 mm (0.020 INCH) 6AI-4VSTA TITANIUM WELDS CAPABLE OF PASSING Oy 

PROOF AND CYCLED AT 0.70oy.R = 0 IN ROOM TEMPERA TORE AIR (SPECIMENS NOT PROOFED) 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION PROM 
CRACK TIP 

r 

1 LOADING 

I SEQUENCE 

FLAW 

depth, 

a 

mm (INCH) 

1 1 

i FLAW 
1 LENGTH, 

1 2c 

imm (INCH) 

! 

STRESS, <7 

(Ksn 




a/2c 

1 

a/t 



STRESS 

INTENSITY, 

MN/^3/2 

(ks)'/TnT 

— 

REMARKS 

T 02-V- 
70-1 

0.54 

(0.02141 

30.45 

(1.1990) 

430 

START CYCLES 

0.13 

(0.005) 


714 

(103.5) 

0.70 

0,054 


iffil 

DIMPLED AT 675~ 
BT AT714- 

END CYCLES 

0.54 

(0.0214) 

2.39 

(0.094) 



0.228 



FRACTURE 
1 

0.54 

(0.0214) 

2.39 

(0.094) 

980 

(142.2) 


0.228 

1.000 

HSH 

T 02*Y- 
70-2 

0.53 

(0.0208) 

30.48 

(1.2000) 

440 

START CYCLES 

0.13 

(0.005) 

1.60 

(0.063) 

714 

(103.5) 

0.70 


0.240 


DIMPLED AT 935- 
BT AT 1127- 

END CYCLES 

U.53 

(0.0208) 

1.73 

(0.068) 

714 

(103.5) 

0.70 


1.000 

50 
(31 .3) 

FRACTURE 

0.53 

(0.0208) 

1.73 

(0.068) 

1031 

(149.6) 

1.01 

0.306 

1.000 

— 

T02-Y- 

70-3 

0.54 

(0.0211) 

[ • 

30.48 

(1.2001) 

40° 

START CYCLES 

0.23 

(0.009) 

0.91 

(0.036) 

714 

(103.5) 

0.70 

0.250 

0.427 

19.5 

(17,7) 

DIMPLED AT665~ 
ST AT 1175- 

END CYCLES 

0.54 

(0.0211) 

1.52 

(0.060) 

714 

(103.5) 

0.70 

0.352 

1.000 

32.2 

(29.3) 

1 FRACTURE 

0.54 

(0.0211) 

1.52 

(0.060) 

1049 

(152.2) 

1.03 

0.352 

1.000 



Oy = T020MN/m2 (147.9 KSI) 


BT = BREAKTHROUGH 































mie 56: 


CYCLIC TESTS OF 0.51 mm (0.020 INCH) BAI-4VSTA TITANIUM WELDS PASSING 0.91 oy PROOF AND CYCLED AT 
0.70oy.R^0IN room TEMPERA TORE AIR (SPECIMENS PROOFED BEFORE CYCLED) 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

! 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH. 

2c 

mm (INCH) 

STRESS, o 
MN/„,2 
(KSI) 

oy 

a/2c 

a/t 

STRESS 

INTENSITY, 

**'*MAX 

MN/^3/2 

(Ksn^W 

REMARKS 


- 


— 

START PROOF 

0.28 
(0.01 1 ) 

4.57 

(0.180) 


0.87 

0.061 

0,558 

39.8 

(36.2) 

DIMPLED AT 

742 MN/m2 (107.6 KSI) 

PT02-9- 

70-1 

0.50 

(0.0197) 

30.47 

(1.1998) 

39“^ 

END PROOF 

0.50 

(0.0197) 

(NA ) 

891 

(129.2) 

0.87 

NA 

1,000 

— 

I> 





FRACTURE 

0.50 

(0.0197) 

( NA ) 

■nESni 

0.90 

NA 

1.000 

— 






START PROOF 

0.28 

(0.011) 

2.26 

(0.089) 

928 

(134.6) 

0.91 

0.124 

0.514 

36.6 

(33.3) 

DIMPLED AT 

885 MN/m2 (128.4 KSI) 





END PROOF 


■mg 

■BKsn 

0.91 

0.135 

0.561 

39.1 

(35.6) 


PT 02-9- 
70-2 

0.54 

(0.0214) 

30.46 

(1.1991) 

30° 

START CYCLES 


2.26 

(0.089) 

714 

(103.5) 

0.70 

0.135 

0.561 

29.1 

(26.5) 






END CYCLES 

0.54 

(0.0214) 



0.70 

0.240 

1.000 

41.2 

137,5) 

BT AT 435--' 





FRACTURE 

WKEESlM 

MMI 

■uEEEIH 

0.93 

0,240 

1.000 

— 







0.43 

(0.017) 

MjjHM 

■KBiH 

mmiSSEBIM 

0.90 

0.243 

0.842 

45.6 

(41.5) 

DIMPLED AT 

704 MN/m2 (102.1 KSII 



30.52 

(1.2016J 





918 

(133.1) 

0.90 

0.257 

0.891 

■ESQm 


PT 02-9- 
70-3 

0.51 

(0.0202) 

72° 

START CYCLES 

Bpp§!W 

BMl 

714 

(103.5) 

0.70 

mo^yiii 


■ESBH 






END CYCLES 

0.51 

(0.0202) 

1.80 

(0.071) 

714 

(103.5) 

0,70 


1.000 

35.7 

(32.5) 

BT AT 57- 





FRACTURE 



rnmn^wm 

0.96 

0.285 

1,000 

1 







0.25 

(0.010) 

4.95 

(0.195) 

898 

(130.2) 

0.88 

0.051 

0.500 

36.7 

(33.4) 

DIMPLED AT 

774 MN/rri2 (112.2 KSI) 

PT 02-9- 
70-4 

0.51 

(0.0200J 

30.78 

(1.2120) 

45° 



4.95 

(0.195) 

898 

(130.2) 

0.88 

0.067 

0.650 

mmoM 

HEsiiH 


START CYCLES 

HQEIH 

■GeIEiB 

4.95 

(0.195) 

714 

(103.5) 

0.70 

0,067 

0,650 







END CYCLES 



■RnwHil 


714 

(103.5) 

0,70 

0.098 

1.000 


BT AT 161- 





FRACTURE 

0.51 

(0.0200) 

5.21 

(0.205) 

932 

(135.1) 

0.91 

0,098 

1.000 

■EH 



Oy 1020 MN/m2 (147.9 KSI) 

BT AT 891 MN/m2 (129.2 KSI) MAX LOAD REACHED WAS 928 MN/m^ (134.6 KSI) 


BT = BREAKTHROUGH 

























































































































Table 57: CYCLIC TCSTS OF 0.51mm (0.020 INCH} 6AI-4VSTA TITANIUM WELDS CAPABLE OF PASSING 0.31 

PROOF AND CYCLED AT 0.70 Oy. R = 0!N ROOM TEMPERATURE AIR (SPECIMENS NOT PROOFED} ^ 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH^ 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

d 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

■ ■ 

STRESS, a 

MN/m2 

(KSI) 

oy 

D> 

a/2c 

a/t 

STRESS 

)NTENS)TY, 

MN/„3/2 

(ksivTnT 

REMARKS 

T 02-9- 
70-1 

0.51 

(0.0202) 

30.45 

(1.1990) 

44° 

START CYCLES 

0.30 

(0.012) 

■E13H 

714 

(103.5) 

0,70 

0.062 

0.594 

33.3 

(30.3) 

DIMPLED AT 

714 MN/m2 (103.5 KSrt 

BT AT 68- 

END CYCLES 

1 

(0.0202) 



0.70 

0.104 

1.000 


FRACTURE 

0.51 

(0.0202) 

4.95 

(0.195) 

855 

(124.0) 

0.84 

0.104 

1.00 


T 02*9- 
70-2 

0.55 

(0.0216) 

30.53 

(1.2018) 

GAGE 

FAILED 

START CYCLES 

0.25 

(0.010) 

2.26 

(0.089) 

714 

(103.5) 

0.70 

0.112 

0.463 


BT AT 478- 

! END CYCLES 

0.55 

(0.0216) 

2.39 

(0.094) 

714 

(103.5) 

0.70 

0.230 

1.000 


FRACTURE 

i-... 

0.55 

(0.0216) 

2.39 

(0.084) 

mBEsEm 

0.99 

0.230 

1.000 


T 02-9- 
70-3 

0.56 

(0.0220) 

30.50 

(1.2007) 

NA 

START CYCLES 

M.I - - 

0.38 

(0.015) 

1.78 

(0.070) 

714 

(103.5) 

0.70 

0.214 

0.682 


DIMPLED AT 

714 MN/m2 (103.5 KSI) 

BTAT174- 

END CYCLES 

0.56 

(0.0220) 

1.83 

(0.072) 

714 

(103.5) 

0.70 

0.306 

1.000 

35.4 

(32.2) 

FRACTURE 

0.56 

(0.0220) 


982 

(142.4) 

0.96 

0.306 

1.000 



D> CTy = 1020 MN/m2 (147.9 KSI) 


BT = BREAKTHROUGH 
































































Table 58: 


CYCLIC TESTS OF U8 mm (0.070 INCH} 6AI-4VSTA TITANIUM WELDS PASSING ay PROOF AND CYCLED AT 0 85 ay 
R = 0!N ROOM TEMPERA TORE AIR (SPECIMENS PROOFED BEFORE CYCLED) 


SPECIMEN 

NUMBEP 

muTu 1 ,j 1 ^ 

THICKNESS 

t 

mm (INCH) 

WIDTH. W 
mrn (INCHl 

< ^ 

2 O H 

sr < 

s o < 
1 o c 

' 

! LOADING 

SEQUENCE 

FLAW 

depth. 

a 

mm (INCH! 

flaw 

LENGTH, 

2c 

mm (INCH) 

STRESS, o 
MN/^2 

(KSI) 

oy 

D> 

a/2c 

a/t 

STRESS 

INTENSITY, 

“^Imax 

MN/^3/2 

(ksivTnT 

REMARKS 





— — ^ 

START PROOF 

0.66 

(0.026) 

4.95 

(0.195) 

1000 

(145.1) 

0.97 

0.133 

0.369 

55.7 

(50.7) 

DIMPLED AT 
889MN/m2 (128.9 KSI) 

PT 7-Y- 

'1.79 

44.31 

9° 

END PROOF 

0.89 

(0.035) 

4.95 

(0.195) 

1000 

(145.1) 

0.97 

0.179 

0,496 



85*1 

(0.0705) 

(1.7446) 

START CYCLES 

0.89 

(0.035) 

4.95 

(0.195) 

880 

(127.6) 

0.85 

0.179 

0.496 







END CYCLES 

1.79 

(0.0705) 

5.21 

(0.205) 

8S0 

(127.6) 

0.85 

0.344 

1.000 


BT AT 53-^ 





FRACTURE 



mBESSm 

0.89 

0.344 

1.000 

— 






IBBSSE^SS 

0.74 

(0.029) 


wBESSm 

0.98 

0.248 

0.421 

51.2 

146.6) 

DIMPLED AT 
879MN/m2 (127.5 KSI) 

PT 7-Y- 
85-2 

1.75 

(0.0689) 

31.68 

(1.2472) 



0.76 

(0.030) 

HjlIkJI 


0.98 

0.256 

0.435 

51.8 

(47.1) 


54° 


0.76 

(0.030) 

2.97 

(0.117) 

880 

(127.6) 

0.85 

0.256 

0.435 







END CYCLES 

1.75 

(0.0689) 

3.68 

(0.146) 

880 

(127.6) 

0.85 

0.475 

1.000 

55.8 

(50.8) 

BT AT 389-^ 



i 


FRACTURE 

t.75 

(0,0689) 

3.68 

(0.145) 

889 

(128.9) 

0.86 

0.475 

1.000 

— 






START PROOF 

0.94 

(0.037) 

2.21 

(0.087) 

1017 

(147.5) 

0.98 

0.425 

0.564 

45.4 

(41.3) 

DIMPLED AT 

878 MN/m2 (127.3 KSI) 

PT 7-Y- 
85-3 

1.67 

(0.06561 

31.65 

(1.2461) 

43° 

END PROOF 

1.04 

(0.041) 

2.21 

(0.087) 

1017 

(147.5) 

0.98 

0.471 

0.625 

45.1 

(41.0.) 


START CYCLES 

1.04 

(0.041} 

2.21 

(0.087) 

880 

(127.6) 

0.85 

0.471 

0.625 

38.5 

(35.0) 






END CYCLES 

1.67 

(0.0656) 

3.56 

(0.140) 

880 

(127.6) 

0.85 

0.469 

1.000 

55.4 

(50.4) 

BT AT 110-- 





FRACTURE 

1.67 

(0.0656) 

3.56 

(0,140) 

987 

(143.2) 

0.95 

0.469 

1.000 



PT7-Y- 

1.77 

31.20 

45^ 

START PROOF 

1.19 

(0.047) 

3.25 

(0.128) 

965 

(140.0) 

0.93 

0.367 

0.673 

55.3 

(50.3) 

DIMPLED AT 

700 MN/m2 (101,5 KSI) 

Bb-4 

(0.0698) 

(1.2282) 

1 ' 

END PROOF 

— 

— 

— 

— 

— 

— 


FAILED IN PROOF 



r ' " 


START PROOF 

1.27 

(0.0501 

2 54 

(o!iooi 

995 

(144,3) 

0.96 

0.500 

0.696 

46.8 

. .. (42.6). 

DIMPLED AT 
736MN/m2 (106.8 KSI) 





END PROOF 

1.27 

(0.050) 

2.54 

(0.100) 

995 

(144.31 

0.96 

0.500 

0.696 

35iff 

(42.6) 


PT7-Y- 

35-5 

1.82 
(0.07i 3) 

44.39 

(1.7478) 

46° 

START CYCLES 

1.27 1 

(0.050) 

9 54 
(0.100) 

880 

(127.6) 

0,95 

0.500 

0696 

41.0 

(37.3) 






END CYCLES 

1.82 

(0.0718) 

3.30 

(0.130) 

880 

(127.6) 

0.85 

0.453 

1.000 

51.0 

(46.4) 

BT AT 78*^ 





FRACTURE 

1.82 

(0.0718) 

3.30 

(0.130) 

961 

(139.4) 

0.93 

0.453 

1.000 




Oy = 1035 MN/m2 (150.1 KSI) 


BT - BREAKTHROUGH 






























































Table 59: 


CYCLIC TESTS OF 1.78 mm 
AND CYCLED A T0.85 


(0.070 INCH) 6AI-4V STA TITANIUM WELDS CAPABLE OF PASSING 
P = OIN ROOM TEMPERATURE AIR (SPECIMENS NOT PROOFED) 


Oy PROOF 







SPECIMEN 

NUMBER 

THICKNESS 

t 

mm {INCH} 

WIDTH, W 
mm :INCH| 

UJ ^ 

a o 
< ^ 

□ K b<r 

a. < O 

5 CJ < 
5 o CT 
G -J C.5 

1 

? 

i 

: loading 

j SEQUENCE 
1 



FLAW 

DEPTH, 

^ 31 

1 mm (INCH) 

FLAW 

LENGTH. 

2c 

mm (INCH 

STRESS, a 
MN/„,2 
(KSIt 

D> 

j a/2c 

1 

a/t 

STRESS 

INTENSITY, 

(ksi'HnT 

REMARKS 

T7-Y. 

85-1 

1.73 

(0.0682) 

’ 

44,49 

(1.75161 

38° 



5.08 

(0.200) 

880 

(127.6) 

0.85 

, 

0.120 

0.352 

46.6 

(42.4) 

DIMPLED AT 

843 MN/m2 (122.2 KSI) 

BT AT 154- 

END CYCLES 


mu 

880 

(127.6) 

0,85 


1.000 , 


FRACTURE 

1.73 

(0.0682) 

6.10 

(0.240) 

880 

(127.6) 

0.85 


1.000 


T7-Y- 

85-2 

1.79 

(0.0703) 

31.73 

(1.2493) 

54° 

START CYCLES 



880 

(127.61 

0.85 



0.259 

0.427 

44.0 

DIMPLED AT 100^ 
BT AT 289-^ 

END CYCLES 

1.79 

(0.0703) 

3.43 

(0.135) 

880 

(127.6) 

0.85 

0.480 

1.000 

Hh 

FRACTURE 

1.79 

(0.0703) 

3.43 

(0.135) 

895 

(129.8) 

0.86 

0.480 

1.000 



T7-Y- 

85-3 

1,78 

(0.0700) 

31.73 

11.2492) 

i 

43° 

START CYCLES 

0.91 

(0.036) 

2.36 

(0.093) 

880 

(127.6) 

I 0.85 

0.387 

0.514 

40,2 

(36.6) 

DIMPLED AT 

880 MN/m2 (127.6 KSII 

BT AT 288- 

END CYCLES 

1.78 

(0.0700) 

3.81 

(0.150) 

880 

(127.6) 

0.85 

0,467 

1.000 

57.5 
(52 3) 

FRACTURE 

1.78 

(0.0700) 

3.81 

(0.150) 

947 

(137.3) 

0,91 

0.467 

1.000 


T7-Y- 

85-4 

1.81 

(0.07121 

31.30 

(1.2322) 

48° 

1 

START CYCLES 

1.19 ' 

(0.047) 

2.87 

(0.113) 

880 

(127.6) 

0.85 

0.416 

0.660 

45.3 

(41.2) 

dimpled AT 

762 MN/m2 (110.5 KSI) 
BT AT 101- 

END CYCLES 

1.81 

(0.0712) 

5.33 

(0.210) 

880 

(127.6) 

0.85 

0.339 

1.000 

75.7 

(68.7) 

FRACTURE 

1.81 

(0.0712) 

5.33 

(0-2101 

967 

(140.3) 

0.93 

0,339 

1.000 


T7-Y- 

85-5 

1.78 

(0.0700) 

. o . _ 

44.51 

(1.7525) 


START CYCLES 

1.22 

(0.048) 

2.90 

(0.114) 

880 

(127.6) 

0,85 

0.421 

0.686 

45.7 

(41.6) 

DIMPLED AT 

821 MN/m2 (119.0 KSI) 

BT AT 117- 

59° 

END CYCLES 

1.78 

(0.0700) 

3.66 

(0.144) 

880 

(127.6) 

0,85 

0.486 

1.000 

54.7 
(49 8) 


FRACTURE 

1.78 

(0.0700) 

3.66 

(0.144) 

958 

(138.9) i 

0.93 

0.486 

1.000 



D> CFy = 1 035 MN/m2 ( 1 50. 1 KSI I 


BT= BREAKTHROUGH 































































Table 60: CYCLIC TESTS OF 1.78 mm (0.070 INCH) 6AI-4VSTA TITANIUM WELDS PASSING ay PROOF AND CYCLED AT 0.70 ay 

R = OIN ROOM TEMPERA TORE AIR (SPECIMENS PROOFED BEFORE CYCL ED) 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm UNCHJ 

WIDTH. W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

LOADING 

SEQUENCE 

FLAW 

DEPTH. 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS, a 
MN/ 2 

(KSI) 

oy 

/ Oy 

o 

1 a/2c 

— 

a/t 

STRESS 

INTENSITY, 

Kt 

i|VlAX 

MN/^3/2 

(ksi^HnI 

REMARKS 

PT7Y- 

70-1 

1.83 

(0.07201 

31.74 

(1.24961 

46° 

START PROOF 

0.61 

(0.024) 

4.45 

(0.175) 

991 

(143.71 

0.96 

0.137 

0.333 

52.2 

(47.5) 

DIMPLED AT 

869 MN/m2 (126.1 KSI) 

BT AT 1027-^ 

END PROOF 

0.66 

(0.026) 

4.45 

(0.175) 

991 

(143.7) 

0.96 

0.149 

0.361 

53.9 

(49.0) 


0.66 

(0.026) 

4.45 

(0.175) 

725 

(105.1) 

0.70 

0.149 

0.361 

37.7 

(34.3) 

END CYCLES 

1 ftT 
(0l0720) 

RiEEaB 

725 

(105.1) 

0.70 

0.294 

1.000 


FRACTURE 

1 P') 

(o!072O) 

6.22 

(0.245) 

855 

(124.0) 

0.83 

0. 294 

1.000 



PT 7-Y- 
70-2 

1 

^ 1.73 

(0.0681) 

31.72 

(1.2488) 

54° 

START PROOF 


ffiBEui 


0.98 

0.257 

0.426 

50.8 

(46.2) 

DIMPLED AT 

888 MN/m2 (128.8 KSI) 

END PROOF 

0.84 

(0.033) 

2.87 

(0.113) 

1012 

(146.8) 

0,98 

0.292 

0.485 

52.2 

(47.5) 

START CYCLES 


■ujiffni 


0.70 

0.292 

0.485 


BT AT 779- 

END CYCLES 

f.73 

(0.0681) 

5.(M 

(0.2001 


0.70 

0.340 

1.000 


FRACTURE 

1.73 

(0.0681) 

5.08 

(0.200) 

869 

(126.0) 

0.84 

0.340 

1.000 



PT 7-Y- 
70-3 

1.80 

(0.07071 

31,25 

(1.23051 

32° 

START PROOF 

wmSSSIm 



t.OO 

0,407 

0.523 

47.3 

(43.0) 

DIMPLED AT 

998 MN/m2 (144.8 KSI) 

l> 

BT AT 991- 

END PROOF 




1.00 

0.451 

0.580 


START CYCLES 

1.04 

(0.041) 

2.31 

(0.091) 

725 

(105.1) 

,0.70 

0.451 

0.580 


END CYCLES 

1.80 

(0.0707) 

(0.1601 

HDEauHl 

0.70 

0.442 

1,000 

50.1 

(45.6) 

FRACTURE 

1.80 

(0.0707) 

( NA ) 

725 

(105.1) 

0.70 

— 

— 

— 


Oy= 1035 MN/nti2 (150.1 KSU 


2c AT BT (S ESTIMATED 
BT = BREAKTHROUGH 























































































































TableBI: CYCLIC TESTS OF U8 mm (0.070 INCH) 6AI-4V STA TITANIUM WELDS CAPABLE OF PASSING Oy PROOF 
AND CYCLED AT 0.70 Gy. r = qIN ROOM TEMPERATURE AIR (SPECIMENS NOT PROOFED} 


SPECIMEN 

NUMBER 

THICKNESS 

t 

,mm (INCH)- 

WIDTH. W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

loading 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS, c 
MN/^2 

(KSl) 

■ 

a/2c 


a/t 

STRESS 

INTENSITY, 

*^Imax 

MN/^3/2 

(KSI'/TnT 

REMARKS 




^ 

START CYCLES 

0.56 

(0.022) 

4.42 

(0.174) 

725 

(105.1) 

0.70 

0.126 

0.309 

35.2 

(32.0) 

DIMPLED AT 180~ 

T7*Y^ 

70-1 

1.81 

(0.0711} 

31.70 

(1.2480) 

52® 

END CYCLES 

1.81 

(0.0711) 

5.84 

(0.230) 

725 

(106.1) 

0.70 

0.309 

1.000 

64:s 

(58.5) 

BT AT 11 18- 





FRACTURE 

1.81 

(0.0711) 

5.84 

(0.230) 

874 

(126.8) 

0.84 

0.309 

1.000 

— 






START CYCLES 

0.74 

(0.029) 

2.87 

(0.113) 

725 

(105.1) 

0.70 

i 

0.257 

0.406 

34.7 

(31.6) 

DID NOT DIMPLE 

T7-Y- 

70-2 

1.82 

(0.0715) : 

31.74 

(1.2498) 

51® 

END CYCLES 

1.82 

(0.0715) 

4.57 

(0.180) 

725 

(105.1) 

0.70 

0.397 

1.000 

66.0 ^ 
(51.0) 

BT AT 1114- 





FRACTURE 

1.82 

(0.0715) 

4.57 

(0.180) 

905 

(131.2) 

0.87 

0.397 

1.000 

— 






START CYCLES 

0.89 

(0.035) 

2.24 

(0.088) 

725 

(105.1) 

0.70 

0.398 

0.492 

31.5 

(28.7) 

DIMPLED AT 623~ 

T7-Y- 

70^3 

1.S1 

(0.0712) 

31.20 

(1.2283) 

48° 

END CYCLES 

1.81 

(0.0712) 

4.83 

(0.190) 

725 

(105.1) 

0.70 

0.375 

1.000 

58.0 

(52.8) 

BT AT 1070~ 





FRACTURE 

1.81 

(0.0712) 

4.83 

(0.190) 

910 

(132.0) 

0.88 

0.375 

1.000 

— 



Oy = 1035 MN/iti2 {150.1 KSl) 


BT = BREAKTHROUGH 








































Table 62: 


CYCLIC TESTS OF 1.78 mm (0.070 INCH) 6AI-4VSTA TITANIUM WELDS PASSING 0 91 ov PROOF AND CYCLED A T 
0.70tty,R = 0INR0OM TEMPERATURE AIR (SPECIMENS PROOFED BEFORE CYCLED^ ^ 


SPECIMEN 

NUMBER 

■’HICKNESS 

t 

mm (INCH) 

— 

1 

WIDTH, W 
mm (INCH! 

dimpling gage 

LOCATION FROM 
CRACK TIP 

1 

j 

1 LOADING 
! SEQUENCE 

FLAW 

DEPTH. 

a 

mm (INCH) 

FLAW 

LENGTH. 

2c 

mm (INCH) 

STRESS, o 
MN/^2 

(KSI) 

oy 

o 

a/2c 

a/t 

STRESS 

INTENSITY, 

*^rMAX 

MN/^3/2 

(ksi'/InF 

REMARKS 





START PROOF 



942 

(136.6) 

0.91 

0.132 

0.500 

64.7 

(58.9) 

DIMPLED AT 

727 MN/m2 (106 5 KSI) 

PT 7-9- 


44.38 

48° 

END PROOF 


6.73 

(0.265) 

942 

(136.6) 

0.91 

0.158 

0.600 

73,5 

(66.9) 


70-" 

(0.0720) 

(1.7473) 

START CYCLES 

1.07 

(0.042) 

6.73 

(0.265) 


0.70 

0,168 

0.600 

54,7 

(49.8) 






END CYCLES 

1.78 

(0.0700) 


■uusni 

0.70 

0.264 

1.000 

71,1 

BT AT 169-v 





FRACTURE 

1.78 

(0.0700) 

mmam 

■lEESB 

0.81 

0.264 

1.000 







START PROOF 

0.99 

(0.039) 

3.94 

(0.1561 

942 

(136.6) 

0.91 

0.252 

0.536 

57.5 

(52.3) 

DIMPLED AT 

780 MN/m2 (113.1 KSI) 

PT7*9- 

1 ,83: 

31,61 

ARO 

END PROOF 

1-09 

<0-C^3) 

3.94 

(0.155) 

942 

(136.6) 

0.91 

L 

0.277 

0.591 

— — 
(53.9) 


70-2 

(0.0728) 

(1.2444) 

40 

START CYCLES 

1.09 

(0.043) 

3.94 

(0.155) 

I 72b. 

(105.1) 

! 0.70 

0.277 

0.591 

44,4 " 

(40.4) 






END CYCLES 

1.85 

..(0.0728) 

6.08 

- (0200) 

725 

(105.1) 

0.70 

0,364 

1.000 

551 

(54.2) 

BT AT 557- 






FRACTURE 

n 1.85 
(0.0728) 

5.08 

(0.200) 

886 

(128.51 

0.86 

0.364 

1.000 







START PROOF 

1.24 

(0.049) 

3.23 

(0.127) 

555 — 

(135.3) 

0.90 

0.386 

0.703 

52.9 

(48.1) 

DIMPLED AT 
933MN/m2 (135.3 KSI) 

PT7-9- 

1.77 

31.65 

11° 

END PROOF 

1.32 

— 10-052) 

3.23 

(0.127) 

933 

(136.3) 

0.90 

0.409 

0,746 

52,9 

(48.1) 

70-3 

(0.0697) 

It. 2461) 


START CYCLES 

1.32 

(0.052) 

3.23 

(0.127) 

725 

(105.1) 

0.70 

0.409 

0.746 

40.3 

(36.7) 






END CYCLES 

i.77 

(0.0697) 

4.83 

(0.190) 

725 

(105.1) 

0.70 

0.367 

1.000 

58.1 

(52.9) 

BT AT 324~ 

1 



i 

FRACTURE 

1.77 

(0.06971 

4!S3 

(0-^90) 

5T2 f 

((32:2) ( 

0,88 

0.367 

1 .000 j 




ay = 1035 MN/m2 (150.1 KSI) 


BT = BREAKTHROUC3H 































Table 63: CYCLIC TESTS OF 1.78 mm (0.070 INCH) 6AI-4VSTA TITANIUM WELDS CAPABLE OF PASSING 0.91 
OyPROOFANO CYCLED AT 0.70 Oy, R ^ 0 IN ROOM TEMPERATURE AIR (SPECIMENS NOT PROOFED) 


SPECIMEN 

number 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm tl NCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

loading 

SEQUENCE 

FLAW 

DEPTH. 

a 

mm (INCH) 





a/t 

STRESS 

INTENSITY, 

'^Imax 

MN/^3/2 

(ksh/TnI 

— 

remarks 





START CYCLES 

0.94 

(0.037) 

6.86 

(0.270) 

725 

(105,1) 

1 

0.70 

0.137 

0.536 

50.6 

(46.0) 

OlIMPLED AT 

697 MN/it»2 (101.1 KSI) 

T7-9- 

70-1 

1.75 

(0.0690) 

44.43 

(1.7494) 

27° 

END CYCLES 

MbBI 



0,70 

0.248 

1.000 

73.6 

(67.0) 

BT AT MS'- 





FRACTURE 




0.84 

0.248 

1.000 







START CYCLES 


KEOH 

725 

(105.1) 

0.70 

0,266 

0.585 

44.2 

(40.2) 

DIMPLED AT I 

725 lVlN/m2 (106.1 KSI) 1 

1— 

t.74 

i 0.0684) 

31.63 

(0.1462) 

42° 

END CYCLES 

1.74 

(0.0684) 

5.21 

(0.205) 


0.70 

0.334 

1,000 


BT AT 360~ 1 




FRACTURE 

1.74 

(0.0684) 


876 

(127.1) 

0.85 

0.334 

1.000 







START CYCLES 

L24 ' 

(0.049) 


725 

(105.1) 

0.70 

0,398 

0.710 


DIMPLED AT 249-v 

T7-9- 

70-3 

1.75 

(0.06901 

31 .62 
(1.2450) 

19° 

END CYCLES 

iT75 ' 

(0.0690) 

4.14 

(0.163) 

726 

(105.1) 

0.70 

0.423 

1.000 

■EEini 

BT AT421-, 





FRACTURE 

1.75 

(0.0690) 

4.14 

(0.163) 

1060 

(153.7) 

1.02 

0,423 

1,000 




G> (Jy = 1035 MN/m2 (150.1 KSIl 


BT = BREAKTHROUGH 















































































Table 64 : 


CYCLIC TESTS OF 5.33 mm (0.2W INCH) 6AI-4V STA TITANIUM WELDS PASSING 
R = 0!N ROOM TEMPERA TURE AIR (SPECIMENS PROOFED BEFORE CYCLED) 


ay PROOF AND CYCLED AT 0.85 ay, 





UJ ^ 
< ^ 


FLAW 

' 

FLAW 



■ 

! 

STRESS 


SPECIME^‘ 

NUMBER 

THICKNESS 

t 

nm (INCHJ 

WIDTH, W 
mm JiNCHl 

2 O K 

.pJ 

£: < y 
i o <r 
1 o cr 

Q O 

LOADING 

SEQUENCE 

DEPTH, 

a 

mm (fNCH) 

LENGTH, 

2c 

mm (INCH) 

STRESS, a 
(KSij 

0 / 
D> 

a/2c 

' a/t 

; 

INTENSITY, 

*^Imax 

MN/^3/2 

(ksi'HnT 

REMARKS 



* 


START PROOF 

1.70 

(0.067) 

11.68 

(0.460) 

948 

(137.5) 

0.99 

0.146 

0.313 

82.5 

(75.1) 

blMPLED AT 

829 MN/m2 (120.3 KSII 

PT 21 -Y- 
85-1 

5.441 

(0.2140) 

7S.38 

(3.0072) 

45*^ 

END PROOF 

2.16 

(0.085) 

11.68 

(0.460) 

948 

(137.5) 

0.99 

0.185 

’0.397 

89.9 

(81.8) 






START CYCLES 

2.16 

(0.085) 

11.68 

(0.460) 

817 

(118.5) 

0.85 

0.185 

0.397 

75.6 

(68.8) 






END CYCLES 

5.44 

(0,2140) 

16.51 

(0.650) 

817 

(118.5) 

0.85 

0.329 

1.000 

123.6 

(112.5) 

FAILED AT 160 ~ 





START PROOF 

2.13 

(0.084) 

7.44 

(0.293) 

961 

(139.4) 

1.00 

0.287 

0.398 

77.9 
! (70.7) 

DIMPLED AT 

855 MN/iti2 (124.0 KSI) 

PT 21-Y- 

5.37 

76.32 


END PROOF 

2.34 

(0.092) 


■BEgEIII 

1.00 

0.314 

0.435 

78.8 

(71.7) 


85*2 

(0.2II3I 

(3.0048) 

47^ 

START CYCLES 

2.34 

<0-092> 

7.44 

(0.293) 

817 

(118.5) 

0.85 

0.314 

0.435 

~w? — 

(59.8) 






END CYCLES 

5.37 

(0.2113) 

1 1.5t> 
(0.455) 

T81/ 

(118.5) 

0.85 

0.464 

1 — 

1.000 

93.3 

(84.9) 

BT AT 247 ~ 





FRACTURE 

5.37 

(0.2113) 

11.56 

(0.455) 

883 

(128.1) 

0.92 

0.464 

1 1 .000 







START PROOF 

2.59 

(0.102) 

6.12 

(0.241) 

961 

(137.9) 

0.99 

0.423 

1 

0.482 

69.9 

(63.6) 

DIMPLED AT 

812 MN/m2 (117.7 KSI) 

PT 2TY- 

5.37 

76.53 

vioO 

END PROOF 

2.79 

(0.110) 

7.75 

(0.305) 

951 

(137.9) 

0.99 

0.361 

0.520 

80.8 

(73.5) 


85-3 

(o!2115) 

(3.0129) 


START CYCLES 

2.79 

(0.110) 

7.75 

(0.305) 

817 

(118.5) 

0.85 

0.361 

0.520 

68.2 

(62.1) 






END CYCLES 

5.37 

(0.2115) 

12.32 

(0.485) 

817 

(118.5) 

0.85 

0.436 

1.000 

100.3 

(91.3) 

BT AT 148- 

1 




FRACTURE 

5.37 

12.32 

(0.4851 

848 

(123.0) 

0.88 

0.436 

1.000 




O cry = 961 MN/m2 (139.4 KSII 
BT = BREAKTHROUGH 












































Table 65: CYCLIC TESTS OF 5.33 mm (0.210 INCH) 6AI-4VSTA TITANIUM WELDS CAPABLE OF PASSING Oy 
PROOF AND C YCL ED AT 0.85 Oy , R-Qlfi ROOM TEMPERA TUBE A IR (SPECIMENS NO T PROOFED } 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

width, w 
mm (INCH) 

•* 

DIMPLING GAGE 
LOCATION from 
CRACK TIP 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS, 0 
MN/^2 
(KSI) 

i 

D> 

■ 


STRESS 

INTENSITY. 

MN/^3/2 

(ksuHnI 

REMARKS 

T 21-Y- 
85-1 . 

5.12 

76.23 

— 

50° 

^ 

START CYCLES 

1.75 

10.069) 

11.48 

(0.452) 

817 

(118.5) 

0.85 

r 

0.153 

0.342 

70.2 

(63.9) 

DIMPLED AT 7~ 

(0.2015 

(3.0011) 


END CYCLES 

5.12 

(0,2015) 

14.48 

(0.570) 


0.85 

0.354 

1.000 

115.4 

(105.0) 

FAILED AT 144- 

i 




START CYCLES 

■nQiB 

7.37 

(0.2901 

817 

(118.5) 

0.85 

0.286 

0.402 

64.4 
1 (58.6) 

DIMPLED AT 78 ~ 

T 21-Y- 1 

85-2 1 

5.24 

(0.2064) 

76,14 

(2.9978) 

55° 

END CYCLES 

5.24 

(0.2064) 

12.70 

(0.5001 

817 

(118.5) 

0.85 

0.413 

1.000 


BT AT 292 -V 





FRACTURE 

6 24 
(o!2064) 

12.70 

(0.500) 

873 

(126.6) 

(5.91 

0.413 

1.000 

— 






START CYCLES 

2.49 

(0.098) 

5.97 

(0.2351 

817 

(118.5) 

0.85 

0.417 

0.469 

58.5 

(53.2) 

DIMPLED AT 19- 

T 21 -Y- 
85-3 

5.31 

(0.2091) 

76.14 

(2.9978) 

48° 

END CYCLES 

5.31 

(0.2091) 

11.18 

(0.440) 

817 

(118.5) 

0.85 

0.475 

1.000 

90.3 

(82.2) 

BT AT 307 - 





FRACTURE 

5.31 

(0.2091) 

11.18 

(0.44) 

814 

(118.0) 

0.85 

0.475 

1.000 




|^(7y = 961 MN/m2 (139.4 KSO 


BT = BREAKTHROUGH 











































Table 66: 


mm (0.210 INCH^ 6AI-4VSTA TITANIUM WELDS PASSING 
R 0 IN ROOM TEMPERA TUBE A IR (SPECIMENS PROOFED BEFORE CYCL ED! 


ay PROOF AND CYCLED AT 0.70 ay, 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH. W 
mm (INCH 

dimpling gage 

LOCATION FROM 
CRACK TIP 

— 

LOADING 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm ONCH) 

STRESS, a 
MN/„2 
(KSI) 

oy 

D> 

a/2c 

a/t 

STRESS 

INTENSITY, 

"^Imax 

MN/^3/2 

(ksi'/InT 

REMARKS 


• 



START PROOF 

1.70 

(0.067) 

11.48 

(0.452) 

956 

(138.6) 

0.99 

0.148 

0.316 

83.2 

(75.7) 

0)MPLED AT 

821 MN/m2 (119.0 KSI) 

PT 21 -Y- 

5.38 

75.96 

4 n 

END PROOF 

2.24 

(0.088) 

11.48 

(0.452) 

956 

(138.6) 

0.99 

0.195 

0.415 

91.9 

(83.6) 


70-1 

(0.2120) 

(2.9905) 

5 V'' 

START CYCLES 

2.24 

(0.088) 

11.48 

0.452) 

673 

(97.6) 

0.70 

0,195 

0.415 

61.8 

(56.2) 






END CYCLES 

5.38 

(0.2120) 

14.99 

(0.590) 

B73 

(97.6) 

0.70 

0.359 

1.000 

(86 6) 

8T AT 666 





FRACTURE 

5.38 

(0.2120) 

14.99 

(0.590) 

791 

(114.7) 

0.82 

0.359 

1.000 







START PROOF 

2.16 

(0.085) 

7.49 

(0.295) 

949 

(137.6) 

0.99 

0.288 

0.404 

76.9 

(70.0) 

DIMPLED AT 

823 MN/m^ (119.3 KSI) 

PT 21-Y- 

5.34 

76.36 


END PROOF 

2.54 

(0,100) 

7.4S 

(0.295) 

949 

(137.6) 

0.99 

0.339 

0.476 

78.7 

(71.6) 


70-2 

(0.2103) 

(3.0062) 

<IO 

START CYCLES 

2 R4 

(o!ioo) 

7.49 

(0.295) 

673 

-(97.6) 

0.70 

0.339 

0.476 







END CYCLES 

R 34 

(0^2103) 

12.45 

(0.490) 

S73 

(97.6) 

0.70 

0.429 

1.000 


BT AT 765 1 





FRACTURE 

5.34 

(0.2103) 

12.45 

(0.490) 

821 

(119.1) 

0.85 

0.429 

1.000 







START PROOF 

2.59 

(0.102) 

6.10 

(0,240) 

luEEEOH 

1.00 

0.425 

0.483 

70.6 

fad 

dimpled at 

833 MN/m2 (120.8 KSI) 

FT 21 -Y- 
70-3 

5.36 

(0.2110) 

76.24 

(3.0017) 


END PROOF 

2.79 

(0.110) 

6.99 

(0.276) 

961 

(139.4) 

1.00 

0.400 

0.521 


46° 

START CYCLES 

2.79 
(0.1 10) 

6.99 

(0.275) 

673 

(97.6) 

0.70 

0.400 

0.521 

52.0 

(47.3) 






END CYCLES 


12.57 

(0.495) 

673 

(97.6) 

0.70 

0.426 

1.000 

83.5 

(76.0) 


I 




FRACTURE 

5.36 

(0.2110) 

12.57 

(0.495) 

825 

(119.6) 

0.86 

0.426 

1.000 


mSBSm 


ay = 961 MN/m2 (139.4 KSI) 


BT = BREAKTHROUGH 




























































Table 67: CYCLIC TESTS OF 5.33 mm (0.2WINCH) 6AI-4VSTA TITANIUM WELDS CAPABLE OF PASSING Oy PROOF 
AND CYCLED AT 0.70 Oy. R^Q IN ROOM TEMPERA TUREAIR (SPECIMENS NOT PROOFED) 


SPECIMEN 

NUMBER 

THICKNESS 

t 

mm (INCH) 

WIDTH, W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

LOADING 

SEQUENCE 

FLAW 

DEPTH. 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS, a 
MN/^2 
(KSI) 


a/2c 

a/t 

STRESS 

INTENSITY, 

*^Imax 

MN/^3/2 

(ksi^TnT 

REMARKS 





START CYCLES 

1.68 

(0.066) 

11.56 

(0.455) 

673 

(97.6) 

0.70 

0.145 

0.327 

55.6 

(50.6) 

Did NOT DIIVIPLE 

T 21-Y- 
70-1 

5.13 

(0.2018) 

75.96 

(2.9904) 

49° 

END CYCLES 

5.13 

(0.2018) 

14.35 

(0.565) 

673 

(97.6) 

0.70 

0.357 

1.000 

93.2 

(84.8) 

BT AT 605 - 





FRACTURE 

5.13 

(0.2018) 

14.35 

(0.565) 

780 

(113.1) 

0.81 

0.357 

1.000 

— 






START CYCLE 

2.16 

(0.065) 

■uSmui 

673 

(97.6) 

0.70 

0.289 

0.407 

52.6 

(47.9) 

DIMPLED AT 312~ 

T 21-Y- 
70-2 

5.30 

(0.20881 

76.28 

(3.0033) 

50° 

END CYCLES 

5.30 

(0.20881 


673 

(97.6) 

0.70 

0.480 

1.000 


®J1^8642- 




FRACTURE 

5.30 

(0.2088) 

11.05 

(0.435) 

836 

(121.3) 

0.87 

0.480 

1.000 ^ 

— 


T 21-Y- 
70-3 

5.38 ! 

(0.2117) 

76.18 

(2.9993) 


START CYCLES 


6.43 

(0.253) 

673 

(97.6) 

0.70 

0.415 

0.496 

49.6 

(45.0) 

DID NOT DIMPLE 

45° 

END CYCLES 

5.38 

(0.2117) 

11.56 

(0.455) 

673 

(97,6) 

0.70 

0.465 

1,000 

75.9 

(69.1) 

BT AT 906~ 

i 




FRACTURE 


11,56 

(0.455) 

867 

(125.7) 

0.90 

0.465 

1.000 

— 



|^t»y = 961 MN/mZ (139.4 KSI) 
BT = BREAKTHROUGH 







































Table 68: 


CYCLIC TESTS OF 5.33 mm (0.210 INCH) 6AI-4VSTA TITANIUM WELDS PASSING 0.91 
R-OIN ROOM TEMPERA TORE AIR (SPECIMENS PROOFED BEFORE CYCLED) 


oy PROOF AND CYCLED AT 0.70 ay. 


SPrCiMEfS; 

NUMBER 

THICKNESS 

t 

mm IINCH} 

WlDTfl W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK TIP 

LOAOiNG 

SEQUENCE 

FLAW 

DEPTH, 

a 

mm (INCH) 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS,© 

MN/„2 

(KSI) 

oy 

D> 

a/2c 

' 

a/t 

STRESS 

INTENSITY, 

*^^MAX 

MN/^3/2 

IKSI'^NT 

REMARKS 

PT 21-9- 
70-1 

5.72 

(0.2250) 

152.82 

(6.0165) 

^88.95*" 

(3,5021) 

ll> 

45^ 

START PROOF 

2.21 

(0.087) 

15.37 

(0.605) 

860 

(124.8) 

0.90 

0.144 

0.387 

85.6 

(77.9) 

DIMPLED AT 

827 MN/m^ (120 KSI) 

BT AT S40~ 

END PROOF 

2.36 

(0.093) 

15.37 

(0.605) 

860 

(124.8) 

0.90 

0.154 

0.413 

88.4 1 

(80.4) 

START CYCLES 

2.36 

(0.093) 

15.37 

(0.605) 

673 

(97.6) 

0.70 

0.154 

0.413 

67.0 

(61.0) 

END CYCLES 

5772 

(0.2250) 

17.27 

(0.680) 

673 

(97.6) 

0.70 

0.331 

1.000 

102.5 

(93.3) 

FRACTURE 

5.72 

10.2250) 

17.27 

(0.680) 

712 

(103.2) 

0.74 

0.331 

1.000 

— 

PT 21-9- 
70-2 

5.41 ' 
(0.2128) 

75.92 

12.98901 

46° 

START PROOF 

2.97 

(0.117) 

11.56 

(0.455) 

875 

(126,9) 

0.91 

0,257 

0.550 

92.3 

(84.01 

DIMPLED AT 

732 MN/m2 (106.1 KSI) 

END PROOF 

5:33 

(0.127) 

11.76 

(0.463) 


0.91 

0.274 

0.697 

95.4 

(86.8) 

START CYCLES 

3i33 

(0.127) 

fTTB 

(0.463) 

673 

(97.6) 

0.70 

0.274 

0.697 

71.5 
(65.1 J 

BT AT 318~ 

END CYCLES 

5.41 

(0.2128) 

(0.585) 

B73 

(97.6) 

0.70 

0.364 

1.000 

94.7 

(86.2) 

FRACTURE 

5.41 

(0.2128) 

14.86 

(0.585) 

796 

(115.5) 

0,83 

0.364 

1.000 

— 


PT 21-9- 
703 

5.40 

j 10.2127) 

1 

j 

1 

! 

76.31 

(3.0042) 

i 

31° 

START PROOF 

3,73 

(0.147) 

9.09 

(0.358) 

869 

(126.1) 

0.90 

0.411 

0.691 

80.9 

(73.6) 

DIMPLED AT 

652 MN/m2 (94.6 KSI) 

END PROOF 

4.04 

(0.159) 

SCSI 

(0.390) 

669 

(126.1) 

0.90 

0.408 

0.748 

86.5 

(78.7) 

START CYCLES 

4.04 

(0.159) 

(0.390) 

g75T 

(97.6) 

0.70 

0.408 

0.748 

(59.8) 

BT AT 311 ~ 

! 

i 

END CYCLES 

5.40 

(0.2127) 

13.21 

(0.520) 

673 

(97.6) 

0.70 

1 0.409 

1*000 

87.5 

(79.6) 


FRACTURE 

5.40 1 13.21 

(0.2127) (0.520) 

794 

(115.1) 

0.83 

0.409 

1.000 

— 




cry = 961 MN/m2 (139.4 KSI) 


flRIPS FAILED IN PROOF TEST, SPECIMEN REMACHINEO FOR CYCLIC TEST 


BT = BREAKTHROUGH 


Table 69: CYCLIC TESTS OF 5.33 mm (0.2 WINCH) 6AI-4VSTA TITANIUM WELDS CAPABLE OF PASSING 0.91 Oy 
PROOF AND CYCLED AT 0.70 Oy, R = Q IN ROOM TEMPERA TORE AIR (SPECIMENS NOT PROOFED) 


SPECIMEN 

NUMBER 

THICKNESS 

t 

•mm UNCHr 

WIDTH. W 
mm (INCH) 

DIMPLING GAGE 
LOCATION FROM 
CRACK Tip 

LOADING 

SEQUENCE 

FLAW 

DEPTH. 

a 

mm (INCH* 

FLAW 

LENGTH, 

2c 

mm (INCH) 

STRESS. 0 
MN/^2 

(KSI) 

j 

0 / 

D> 

a/2c 

a/t 

STRESS 

INTENSITY. 

MN/^3/2 

(ksiVInT 

REMARKS 





START CYCLES 

2.21 

(0.087) 

15.49 

(0.610) 

673 

(97.6) 

0.70 

0.143 

0.425 

66.3 

(60.3) 

DID NOT DIMPLE 

T 21-9- 
70*1 

5.19 

(0.20451 

152.44 

(6.0015) 

50° 

END CYCLES 

5.19 

(0.2045) 

16.26 

(0.640) 

673 

(97.6) 

0.70 

0.320 

1.000 

99.6 

(90.6) 

BT AT 220- 





FRACTURE 

5.19 

(0.2045) 

16.26 

(0.640) 

NA 

— 

— 

— 

— 


T 20-9- 
70-2 




START CYCLE ! 

3.00 

(0.118) 

11.61 

(0.457) 

673 

(97.6) 

0.70 

0.258 

0.556 

69.6 

(63.3) 

DIMPLED AT 78~ 

5.39 

(0.2121) 

76.38 

(3.0072) 

470 

END CYCLES 

5.39 

(0.2121) 

13.72 

(0.540) 

673 

(97.6) 

0.70 

0.393 I 

1.000 

90.3 

(82.2) 

BT AT 264 


\ 



FRACTURE ' 

5.39 

(0.2121) 

13.72 

(0.540) 

778 

(112.9) 

0.81 

0.393 1 

i 

j 

1.000 



! 

T 21-9- ' 
70-3 

5.40 
(0.21 25) 

76.31 

(3.0045) 

1 


START CYCLES 

3.76 

(0.148) 

8.89 

(0.350) 

673 

(97,6) 

0.70 

0.423 

-• j 

0.696 

60.6 

(55.1) 

DIMPLED AT 6- 

42° 

END CYCLES i 

5.40 

(0.2125) 

11.05 

(0.435) 

673 

(97.6) 

0.70 

0.489 

1.000 

71.8 

(65.3) 

BT AT 268- 





FRACTURE 

5.40 

(0.2125) 

11.05 

(0.435) 

838 

(121.5) 

0.87 

0.489 1 

1.000 




ay = 961 MN/m2 (139.4 KSi) 


BT = BREAKTHROUGH 


